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PREFACE. 


tlioso mIio liavc jec<*iveiJ a rt*<Tiilar luatliematical education, a 
mvv J»ook upon IVacticul Geometry, Mhich forms the principal 
part of the contents of this volume, niay appear entirely super- 
llnoiis; as the subject is simple in itself, as it has already been 
illustrated by a sfreat miniber of writers, and inc)re particularly as 
no new problem is now oftered to the public.*' 1 shall therefore 
state the n*ason.s, whieh have inrhieed me t<) eompose and publish 
a woik of this kind ; and as thc\ cannot otherwise be clearly under¬ 
stood, 1 must commence by making some observations of a mili¬ 
tary nature. 


" The .sjuue remark viill ajjpJy t(» almost every other book upon this snb- 
jeet, vvliieli has been piiMishr'd for many years back ; it being rare to find 
a problem ill anv of the common tu riMhes of Practieat Cwomcti v, which 
inis not ple^iousl^ appearetl in a gie,o nnniber of other authors. This is 
the « as<' with the whole of the eoiUents of the first part of this volume, 
lliree useful proldems only exeejited ; namely, the third method of describ¬ 
ing an elli|>se, the seeond method of describing a paraiiola, and the method 
of de.si'rihing an oval. 'I'liese I IinM; taken from one of Mr. P. Nicholson’s 
arehitcrtnral works ; ami they are not fat least to my knowledge) to be 
found in any other VMiter upon Practical Cieoinetry. 

As far as regards th.' eonehiding part of this volume, which treats of the 
Prineijih's of Plan Itrawing, i1 will be found more original. I have not 
seen these priiicijiies elearly explained by any former author: indeed, it is 
not usual to teueh them ai ail, which to ^earners is a great disadvantage; 
for as they arc left to work at laiidom, and to form rules fur themselves 
Aoin practice, they aic of c•nu^^c freiiueutly liable to error. 
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In the imperfect state of the art of wipRHQt^llgmers were at 
'first a corps of-officers solely, Mriffiaiit any Iroofjy or even stores 
imder ffieir own immediate command or charge; but who, when 
'^|i^^^(»sion required, demanded men from tlio infantry, and stores 
jfibot the Aitilleiy or Commissariat Departhients. 

Tlwre are most sciious e\iU and incon\enicurios inseparable 
fiom the above system, which could not tail to lx. ttis< f)vered in 
it^ourse of time, so that in all armies, it has ultimately been found 
tiec^lKaay td attach a pemiaueiit body of non>cointni^sioned officers 
and soldiers to the Kugineer i^epartment: and thi* e^piricnce ot 
modern warfare has fully proved, that howevei gieat the scioiuc oi 
talents of any officeis of Engineers may be, then excitioiiN in the 
field are in all cases much crippled, and must otten be liable to 
failure, unless supported by a proportional degree of ^eal, kiion- 
ladge, and ability, on tlie part of the men, who ait undtM then 
immediate orders. 

• • I 

In the British service, this has been moie felt during the present, 

than in any of our former wars, owing to the increased scale of oui 

late military eifoits; and it has therefore become an aci now lodged 

olqect, of the greatest pnbhc nuportance, to discipline, train, and 

instruct the non-commissioned officers and soldiers of the Roval 

« 

Engineer department, who have lately been distinguished by the 
title of Royal Sappers and Miners, m lieu of their former less 
martial appellation of Royal Military Artificers.’'^ 

In the year 1811 , having tlie command of the Plymouth com¬ 
pany of Royal Military Artificers, I was induced to embrace the 
opportunity which the conveniency of a garrison life affoided, in 
order to ascertain by experiment tlie best and most practicable mode 


* They were at one time called the Corps of Royal Military Artificers 
||Bd Labourers. Subsequently, the enlistment of labourers was discon- 
fiiuUed. 
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of improving genei«]:^ <>f'J{npwfeffe«4 ft hfid 

lung been contnd^4*^«sk«btey>^|iaR#4llfit>OOII^^ et&peri^ 

and «>kU«rs should able to «MMl^rsteo4’^he .uiililre oif O 
sLetdiy plan or section. T6 this objeql; my attentiou wa$ 

<|uentl 3 r directed, but I soon discovered that the* canunon 
of teaching Practical Geometry and Plan J)ra.wiiigy Men^ bjT 99 
iiicai)<< calculated for the puqiose in >ie\v. 

After instructing one or tr^o individuals of the most pnKQmiig 
a!)ilities, books and manuscripts were put into their hand^;' 
they were employed to teach the otliers ; but altliqu^ they thenar 
selves f>c'rfectly understood what tliey h^d learned, it was fojind 
that they were unable to communicate the knowledge which they 
had acquired The reason of tins i%. Uiat tiie common books o.f 
Practical Geometry, &-C, leave too much to the discretion of .the 
master; so that no man, huw'cver well qualified himself in thia 
simple branch of learning, is capable of instructing a tidinb^ t>f 
other men propcily, unless he possesses a superior degree of 
judgement, a tolerably good education, and some experience in 
the art of •teaching. 

I'o have carried on a general system of Uie proposed species of 
iuslructiun according to any of the books in comm6n use, would 
therefore have required an establishment of regular mathematical 
masters. But it must be evident, that the difiicuhy of finding qua* 
lified persons willing to uudeitake this office, added to the liberal 
salary, wliich men of education must have been entitled to, would 
have operated as almost in.supeiable objections to such an esta¬ 
blishment. 

'Fo surmount these difficulties; ta lay down a Course of 
Instruction suited to tlie most untutored minds, and capable df 
being ooudboted by any man of good abilities, no matter how illi 
teratc or ignorant in other respects ; in short, to establish a 
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of Instruction, which might he perpetuated like the drill of 
recruits, by the exertions of sicafly non-com missioned othcerS em¬ 
ployed as teaclicis, williout llie necessity of calling in the assist¬ 
ance of scientitic masters of any kind: these are the points \\hich 
1 had in view in first commencing the present noik; and the suc¬ 
cess has full\ eqiuiiied my opectations.^' 

After tlie })iacticability of the System of liistriietion had been 
sufficiently ascertained by the improvement of the ]^l\month com¬ 
pany, it \Tas, by order of Eicntenaiit (reueial Mann, .submitted tt> 
a Committee of senior officers of the Corps of Royal Engineer*^, 
in the month of ^farch, and having been honoiucd by ibt lr 

approbation, it Mas sooti after .sanc tioned by the anthoiity of the 
blaster Geiieial of the Ordnance, and has since been cotidncted ou 
a iintch greater scale at Cbathani.i' 

The Method,s of Telu hing are fully detailed in the course of the 
work. It will be perceived, that they are similar in piincijrle to 
tho.se which have lately been Introduc ed into this coiinti v for the 
education of the: jroor, by Or. Beli and Mr. Lancaster. Indec'd, 
there is no other principle, by winch erne 'J'eaelier can (ht jiistiee to 
any great number of pupils at the same time. 


^ Bcifore liic; lloiiist* was u;t'.’M}(i;i]|} rediu e<l 1i* its pM-seiil .state, wtiieii 
rentiers Uic active intcrrereiiee <tf .'iny ttllieers t»l’ I'.iigiiiet^r.s innicet'.s.saiv ; 
iny first evpcrimeiit.s at Plynitaith, as it may easily be eoiiecived, weie 
attciifled with stnne trouble, anil vvtiiild have been still inure luhoiiuus, but 
for the able ussistanei'Ilf lacuteuant liiiiehell, who exerted hintsuif vvilii 
great zeal and iiensim lancc to forward llie objreiiia view. 

t At an Estabiishmemt whidi ha.s bee n in.slitiited for the purpose of 
training theCorps of Koyal Sappei.s and Miners. Hut the study now alluded 
to, of course occupies only a very small portion oftlu ir time, w hich is chicHy 
employed in exercises and operations of a military or practietd nature, cal¬ 
culated to prepare them for their duties in the lield. 
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I'his volume having been composed solely for the special pur- 
j>ose above stated, I did not at first intend to publish it; but 
Ijavc since been indiuM'd to take this step from the following consi¬ 
derations. 

In the Jiist place, a more general diffusion of some knowledge 
of l^racticul Gt‘oiin*try amongst the Io\vi;r classes, in this country, 
iniglit he of public benefit; inasmuch as it would tend greatly to 
the perfection of the arts, by increasing tlie ingenuity of working 
nu'chajiies, Midi as masons, earpentcjs, &c. witliout whose aid 
the designs of the architect or civil engineer cannot be executed. 
If this slionid he considered a desirable object, the present book 
offers the only economical and tberefoie it may be said the only 

praetieable mode of earrying it into efl'ect.* 

% 

Seeondly : o^^ing to the prevailing system in Great Britain, ) 
iifteii iiappens, that voung gentlemen wlui have received a good 
(lassieal education, aie allowed to enter the world totally uuiii- 
strueled in any branch of mathematics, excepting the common 
mb s of arilhmelli-. But thcie are few situations in life, and very 
few active professions, in which some knowledge of Geometry, 
and of the nature of Plans, is not highly useful : in many it is 
ahsoluti lv neeessarv. To tliose, however, who have not had the 
advantage of earlv instrnetion in this scienco, the door of improve- 
inenl is almost alwavs shut; for the studies of Geometry, &c. in 
llic manner in vvhiidi the} aie treated in the coimnon mathematical 
books, cannot he attained withonl the assistance ol a muster; and 
upon the whole, they genei'ally prove by far too formidable a task 
to persons who have once launciied forth into active life. 


* A person of very moderate aeqiiiieuicuts and pretensi«jiis may serve 
for a 'IVaelier, and it is not neressary for the learners lii be provided with 
books, one copy ill the hands of the Teacher being siiflicieut. 
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IV wch ]^ons, but particularly to officers of tlie array, who 
ifot have had an early matliematical education, the present 
ittay therefore prove useftil; it having been reduced to prin¬ 
ciples of so much simplicity, that a master may be dispensed with; 
and the various operations contained in it may even be understood 
% inspection, withont that effort of mind which desenes the name 
'6f stndy. 

Another volume, more especially intended for the of 
officers, is proposed to be published at some future opportunity, if 
circnmstances will permit, in which the principles herein laid 
dotnr will be practically applied to the cou'itruction of 
Ac Plans and Sections of a regular Fortress; as also to general 
and detailed plans, &c. of the operations of a siege, rhis will, iii 
short, comprehend the substance of wbat is usually taught as llio 
Elementary Part of Fortification. To simplify that important 
study as much as possible, by freeing it from those multiplied 
details, superfluous discussions, and even mathematical tlieorcms 
and algebraical calculations w hich are usually mixed w ith it, and 
tend greatly to perplex the reader, will he my principal object in 
Ae proposed volume; which, 1 conceive, if successfully exenittd, 
may be of some public benefit, particularly as there is a gicat 
scarcity of English books upon the stibjcH t. 
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PRACTICAL GEOMETRY, 

4-c. 


/\ order to go through this Course, the learners must he pra^ 
xided zc'ith the Joliozi iiig instruments. 

1. A fiuir of compasses hating one shifting/eg; also a pencil- 
point, and a short drawing pen or in/c-point, occasionally to ht 
used in lieu of the moveable leg. 

C. A jlat rider, and a wooden right-angled triangle. The 
ruler may he about one foot long. The triangle should have a 
small round hole through its middle: those two sides of it, which 
form the right angle, may be made equal in length, and may 
each be about six inches long. 

o. A slate and pencils. It will be convenient to have the 
slates rather larger than those commonly used; but they must not 
be framed. 

Besides a common set of draicing instruments, the Teacher 
must provide himself with a very large pair of compasses, one leg 
of which must be Jitted so as to receive a piece of common chalk. 
He must also have a large triangle, and some long rulers of 
different lengths. These instruments are intended for draxcing 
with chalk upon a large board painted black, the use of which 
xi'ill be more particularly described in the proper place. A spunge 
and water must always be kept ready for cleaning the board. 

Ijtery thing necessary being provided, the Teacher will see that the 
learners are seated in proper order, with their slates and instru- 
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tnentt htfon them, lie will then place himself infront of them, 
wed read as follows,* 

'deometry is thf groundwork of almost all the arts and sci- 
eiicea. Plan drawing, and Modelling in particular are entirely 
founded upon' the practical part of geometry. 

Dra\^ ing is not only essentially necessary to men of scientific 
professions, such as engineers, architects, &c.; but some know¬ 
ledge of It is even required amongst tlie workmen, who act under 
their directions. For instance, if a foieman of ci\il carpenters 
or masons, or a non-commissioned officer in the ro>al tn- 
gineer department cannot work from a plan or model, he is not 
fit for his situation. Almost every ingenious artificer, in fol¬ 
lowing his trade, must acquire some notion of the nature of a 
plan, and may daily practise some lule of geometry, although 
he may not be aware of it; because all the mechanical aits are 
founded upon geometrical principles: but the kind of know¬ 
ledge, that is thus obtained by mere practice w ithout education, 
must always be very imperfect .i* 

The following Course of Practical Geometr) has been rediK'cd 
to a system of so much simplicity, that a man ha\ing the book 
before him may even teach himself without a master. You will 
therefore find little difficulty in learning it, if you pay proper at¬ 
tention. It contains a number of the most useful rules, which 
will give you a sufficient insight into the principles of plan 
drawing. 

After going through this course, such of you as understand 


• Those parts of llie following Course, which arc printed in italics, being 
ralcnded as directions for the Teacher onlj, are not to be read aloud. 

f These preliminary observations being calculated ebiefl} fur the use of 
the ooiHiouiinissioncd offieers and soldiers of the Engineer department, any 
Teaclicf who has pupils of a different description may omit such part of 
as he thinks proper. 
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arithmetic will also be qualified to begin, and may easily learn, 
Mensuration; which is a very desirable branch of knowledge to 
men of all professions, but is above all most particularly useful 
and necessary to persons employed in the management of works. 

Having made these observations, we shall now commence with 
our practical geometry. 

Write tlie words practical geometry. 

After giving this order, the Teacher fcW zcrite these rvords him- 
self, in large characters, with chalk, upon the abovementioned 
board, which must be placed in a convenient situation for the 
learners to copy from. 

This board must of course be of a sufficient size to admit of 
everif thhg necessary being written or drawn upon it, on so large 
a scale as to be easily read or distinguished by the whole class. 

When the Teacher observes that all the learners have Jinished 
writing the words directed, he will examine and correct their re¬ 
spective performances, before he proceeds further. The same must 
be done after every subsequent order of a similar nature, but this 
caution will not be repeated again in the following instructions. 

A definition in geometry, or in any other art, means an ex¬ 
planation of some term, peculiar to that art. 

Write the words definition or explanation. 

To define any thing is to explain it. 

Write the words to define. 

DEFINITION 1. A solid is that which has length, breadth, 
and thickness. 

For instance a brick, a log of wood, or a lump of iron are 
solids. 
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Write Ae word solid. 

DEF^ 2. The boundaries of a solid are called superficies or 
surfaces. 

Write Ae words svperficies or surface. 

. For instance the top of a brick is a superficies: the bottom of 
it is also a superficies; and so are Ae two ends, and the two sides of 
it. In short a superficies is merely a part of the outside of a 
solid. 

A superficies has length and breadA only, but it is supposed to 
have no thickness. 

For instance take the outside of a brick: it has length and 
breadth; but you cannot find any thickness without cutting into 
the substance of the brick, which would be going deeper than the 
outside. 

A shadow gives a very just notion of a snperticies or sir face; for 
you may measure its length and breadth, but it has no thickness or 
substance. 

DEF. 3. A plane superficies is that which is perfectly e\cn; so 
that if you lay the edge of a ruler upon it in any direction, the 
ruler w'ill touch it in every point. 

For instance Ac outside of a marble slab properly polished is a 
plane superficies. 

The Teacher must have a solid piece of nood, rcith six faces 
or sidesf about the size of a brick or a little smaller; fve of the 
sides of which must be planed quite smooth to represent plane 
superficies; the other must be uneven. 

After reading the above definition^ he will take a ruler and 
applp it to one of the smooth sides of his piece of wood in va~ 
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rious directions, in order to illustrate the nature of a plane su¬ 
perficies, 

A plane superficies is sometimes simply called a plane. 

Write the words plane superficies or plane. 

DEF. 4. A curved superficies means a crooked or uneven 
superficies; and is such as will not agree with the edge of a 
straight ruler, laid upon it in any direction. 

For instance llw; top of a well-made new table is a plane super¬ 
ficies; but if the wood should get warped afterwards, it will be¬ 
come a cur\cd superficies. 

Here the Teacher tciU apply a ruler to one of the uneven 
sides of his piece of rcood, in order to illustrate this definition. 

Write the >\ords curved superficies. 

DT>T.5. The boundaries of a superficies are called lines. 

Write the word line. 

A line has length only, but it is supposed to have no breadth 
nor Uiickucss. 

/« order to illustrate this definition, the Teacher must produce 
a dark-coloured board, rcith a half-sheet of paper pasted upon it; 
the hoard being somewhat larger than the paper each way. 

For instance let this half-sheet of paper represent a superficies: 
you see that it is bounded by four lines which are the top, the 
bottom, and the right and left sides of the paper. 

You may measure the lengtli of any of these lines, but you 
cannot find any breadth or thickness, unless you cut into the 
paper itself, which would be going deeper than the outside or 
boundary of it. 
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DBF. 6. TTie boundaries or extremities of a line are called 
points. 

Write the word point. 

A point being merely the end of a line is supposed to have 
neither length, breadtli, nor thickness. 

For instance one of die corners of this half-sheet of paper i» a 
point, for it is the end of two lines.; but it has no magnitude or 
size, bet aii.se if it had, you might measure its length or breadth; 
but you cannot do that without cutting into the paper, or cutting 
off a piece of one of tlie lines that form the boundaries of tlie half 
sheet. This would be going deeper than the end of the line. 

Magnitude and size being the same thing: 

Write the words mgmt ui >e on size. 

DEF. 7. A right line is a straight line, or one that lie.s 
even between its extreme points. 

Write the words right line. 

Draw' a right line. 

Here the Teacher will draw a right line upon the hoard, which 
the learners will cop^: he will then examine and correct their 
performances before he proceeds further. 

In like manner in the ensuing part of these instructions, when¬ 
ever there is an order to draw antj thing, the Teacher will re¬ 
collect always to show the example himself; Jirst executing upon 
tlie board whatever is required to he done; and afterwards ei~ 
amining the performances of the learners stqj by step. This 
caution will not be again repeated. 

DEF. 8. A ciu’ved line is a crooked line, or one that does not 
lie even between its extreme points. 
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Write CVBVED line. 


Draw some curved 
lines. 




DEF. 9. A mixed line is partly right, and partly curved. 


Write MIXED line. 

Draw some mixed lines. 

DEF. 10. Parallel lines are lines that are always at the 
same distance from each other, and will never meet, if you produce 
them ever so far. 

Write the words parallel lines. 

n i‘rethc Teacher will draw two parallel right — 
lines on the board. __ 

You see that if I take my compasses and measure the distance be¬ 
tween these two right lines in different parts it is always the same. 

1 shall now produce them or make them longer. 

The Teacher will produce his two parallel -- 

lines. . __ 

Now I shall measure the distance between the produced parts. 

You see that it still remains the same; therefore these are pa 
rallel lines. 



Write the words produce a line. 

Curved lines may also be parallel to each other. 

Here the Teacher will draw two parallel 
curved linesy and measure the distance between 
tltenif in like mannery at various partSyfor the 
instruction of the learners. 
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When this is done, he u'ill rub out his paralfel lines. 

In geometry any thing which a learner is required to do prac¬ 
tically, as well as to understand, is called a problem. 

• Write th© word r ROB LF.M. 

I will now teach you the way to draw parallel right lines, which 
shall be our first problem. 

PROBLEM I. 

TIIKOIGII A GIVEN POINT TO OH AW A HIGHT LINE 
PARALLEL TO A GH EN RKJOT LINE. 

METJIOD 1. By a pair of compasses and ruler. 

Draw aright line to represent the gi\en riglit -- 

line. 

Mark a point above it to lepiescnt llic given 
point. _ ___ 

This is the manner in which I shall always mark my points upon 
the board. 

In marking your points upon voui slates you must not make tlieni 
large as I shall do; but let them be as fine as possible. T'hat I 
may know at first sight the position of these small points, you must 
make a small Oor circle round them, e.xcept when they are marked 
in some part of a line. You will recollect, that this circle round 
a detached point is of no use, except to guide my eye, when 1 
examine your slates. 

In the manner just directed mark a circle ® 
round your given points, tlius. 

Measure the distance between thi.s point, and the nearest part 
of the given line. Tlie best way of trying whether you have got this 
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distance correct, is to place one leg of your compasses in the 
given point, and afterwards to make a sweep downwards, with the 
other leg. If the sweep touches, but docs not cut the given line, 
your distance is true. 

Make your sweep as directed. Recollect al¬ 
ways in using your compasses, to hold them 
light in your hand, and not to press hard with 
either of the legs. 

You will next place one leg of your com¬ 
passes ill some point, near the other cud of the 
given line, and with tlie same opening make a 
sweep upwards. 

Draw a right line through the given point, 
touching but not cutting the last made sweep. 

Rub out your sweeps, and your problem is 
executed; for the two lines are parallel to each 
other, and one of them passes through the point 
that was required. 

A sweep made w ith a pair of compasses is called an Arc. 

Write tlie word arc. 

hen a person makes a sweep with a pair of compasses, he is 
said to describe an arc. 

Write the w'ords describe an arc. 

^riie point w here one leg of the compasses is fixed, whilst you de¬ 
scribe an arc with the other, is called tlie center. 

Write tlie word center. 

Recollect these terms in future. 
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You vili now execute the same problem, with die given point 
bdow the given line. 

Draw a new line to represent the given line.--- 

Mark a point below die line to represent the 
given point. 

You arc to draw a line through this point, parallel to your given 
line. 

Measure in your compasses the distance be¬ 
tween the given point and the nearest part of the 
given line, as you were before directed. 

Then place one leg of your compasses in a 
more distant part of your given line, and de¬ 
scribe an arc below' it. 

Draw a right line through the given point, 
touching, but not cutting your last described 

arc. 

The problem is now executed; the two lines are parallel, and 
the last drawn line passes through the given point, as was re¬ 
quired. 

The Teacher will exercise the learners several times in per¬ 
forming this probleMy making them place their point in dif¬ 
ferent positions. 


-7 — s : 
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PROBLEM 1. 

THROUGH A GIVEN POINT TO DRAW A RIGHT LINE 
PARALLEL TO A GIVEN RIGHT LINE. 


METHOD 2* By a triangle and ruler without compasses. 
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Draw a right line to represent the g^ven right _ 

line. 

Mark a point above it to represent tlie given 
point. —--- 

You must now draw a right line parallel to the given right line, 
through the above point. 

The long side of your triangles must be 
placed upon the given line, with the body 
of the triangle below the line. .. ./ 


Place triangles. 

Here the Teacher u ill examine if the position of the triangles is 
correct. 


Keep vour triangle steady with the right 
hand, whilst you apply the ruler with your 
left hand, to that short side of the triangle 
which is towards tlieleftof your slate. 

Place rulers. 

Here the Teacher must examine the position of evert/ matHs ruler 
and triangle. 



Keep your ruler steady with your left hand, 
and slide tlie triangle up with your right hand, 
till the long side of it meets the given point. 
Then draw a right line through the given 
point, by means of your triangle, and your 
problem is executed. 




112 


PRACTICAL GEOMETRY. 


If the triangle is not lai^e enough to draw tlie parallel as long 
as you wish, you may produce it afterwards by means of the com- 
mon ruler. 

The Teacher u iU then exercise the learners in repeating this prob^ 
lent, zc'ith netc points, not onli/ above, hut beloxv the given line. 

When the given point is heloTV the line, the onli/ difference is, 
that the triangle must be slided dozi nzeards, after the ruler is placed. 

When the learners are more expert, theif must he made to take 
the ruler in the left hand, and the triangle in the right, and to 
place the triangle and ruler at the same time. 

PROBLEM II. 

AT A GIVEN DIS'I'ANCE TO OH\\\ V RIGHT LINE 
PARALLEL TO A GIVI A RKiHT LINE. 

METHOD 1 . 11} a pair of compasvi s aiul a juler. 

Draw a right line across voiir slate to 
repieseut the given light line. 

Draw a second light line at one corner 
of }oiu- slate, a good deal sliortcr than the 
former, ^o repicsent the given distance at 
which a par.dlel is to be drawn to llie first 
line. 

Take tlie length of the short line, or the 
given distance, in your compasses; and 
.with any point near one end of the given 
line as a center, describe an arc, above 
(or belott) it. 

Then take some point near the other end 
of jthe given line, as a center, and describe 
a second arc, on the same side of it as the 
former. 
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Draw a right line touching both these _ 

arcs, and your problem is executed. 

Rub out supei'fluous arcs. 

PROBLEM II. 

AT A GIVEN DISTANCE TO DRAW A RIGHT LINE 
RARALLlilL TO A GIVEN RIGHT J.INE. 

MJ^TllOD 2. By a triangle and ruler as well as a pair of 
compasses. 

Rub out your former figure. 

Draw a right line to n ])rrsent the given___ 

right line. 

Draw another right line to represent the 
givt'u distance. 

Take the given distance in your com¬ 
passes, and from any point near one end 
of the given line, as a center, describe au 
arc above (or bekne) it. 

Then place tl»e lojig side of your triangle, upon the given line, 
with the body of the triangle below it. 

Take the triangle in your right hand; aud apply your ruler to the 
left side of it. 

Steady tlie mler with your left hand, and slide the triangle widi 
your right, till it meets that part of the arc, which is at the greatest 
distance from the given line. 

After each of these orders the Teacher Trill examine the position 
of the triangles^ S^'c. 
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Draw a line along the edge of the v-* 

long side of your triangle, touching but _ 
not cutting the given arc. 

This last drawn line will be parallel to your given right line, at 
the distance required. 

The problem is therefore executed. 

The Teacher n iU make the learners perform this problem as well 
as the former several times ozer. He will also recollect to observe 
the same rule in respect to every succeeding problcmy making them 
do it repeatedly until he thinks they are perfect. 

We shall now proceed with some more definitions. 

DEF. 11. Any line which touches a curve or an arc, but docs 
not cut it, is called a tangent. 

You have already drawn several tangents. 

Write the word tangent. 

Draw a curve. 



Draw a right line as a tangent to the curve 
through any point you please. 

Rub out your figure. 

One curved line may also touch or be a tangent to another. 

Draw two curved lines 
touching each other. 

T%e Teacher may choose either or both of these kinds of curved 
tangents. 





PERPENDICtJLARS. is 

DEF. 12. When two lines incline towards each other, so as to 
meet in a point, they are said to form an angle. 

4 

W’rite the word angle. 

Draw somer angles. 



An angle is measured not by the length of the two lines that 
form it, but by the greatness of their opening, or as workmen would 
call it, by their spiny, or bevel. 

DEF. 13. When one line standing upon another, does not 
incline or lean more to one side than to tlie otlier, it forms two 
angles, exactly equal to each otlier, which are called right angles. 

The Teacher must draw this upon the board. 

VWite the words iugut angles. 

DEF. 14. When two lines form a right angle, or are at right 
angles to each other, the one line is said to be perpendicular to the 
other. 

Write die word PKRi’ENincr lab. 

I shall nitw teach you the method of drawing perpendiculars. 


PROBLEM III. 

FROM A GIVEN POINT IN A GIVEN RIGHT LINE, TO 
RAISE OR DROP A PERPENDICULAR, BY A RULER AND 
COMPASSES. 

METHOD 1. When the point is. supposed to be near the 
middle of the given line. 
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Draw a right line to represent the given 
right line. 

Mark a point near the middle of it, to repre-^ 
sent tlie given point. 

We shall first raise our perpendicular. 

Place one leg of your compasses in the given 
point, and with any opening you please, mark 
new points upon the given line, on each side of 
it, vvitli tlie other leg. 

Take a greater opening in your compasses, 
and from one of the new points, as a center, 
describe an arc above the given line. 

With the same opening of your compasses, 
from the second new point, as a center, describe 
another arc, cutting tlie former. 

From the point where these arcs cut each 
otlier, draw a right line to the given point, in 
the given line. 


Rub out superfluous are.s. 


The last drawn line is perpendicular, to the given line, and it 
is raised from the given point. Your problem is therefore ex¬ 
ecuted. 

The angles on each side of your perpendicular, are equal to each 
other, and are right angles, as was before explained. 

When two arcs or two lines cut each other, they are said to in¬ 
tersect each other. 

An arc may also cut, or intersect, a liue. 
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Write the word intersect. 

The point where.lines or arcs cut each other^ is called the point 
of intersection. 

Write the words point of intersection. 

Recollect these teniis in future. 

Rub out your figure. 

The Teacher will then make the learners drop a perpendicular, 
from a given point in a given line, which is done exactly hy the 
same method, only that the two arcs must intersect each other, 
below the given line. 


PROBLEM III. 

FROM A GIVEN POINT IN A GIVEN RIGHT LINE TO 
RAISE OR DROP A PERPENDICULAR, BY A RULER AND 
COMPASSES. 

METHOD 2. When the point is near the end of the line. 

Draw a right line, to represent the given 

right line; and mark a point in it, near one --— 

end of it, to represent the given point. 

Mark another point above the given line, not 
e.\actly over the given point, but more towards 
the middle of the line. ’ 

Take in your compasses the exact distance, 
between the two points, and from the point 
without the line, as a center, describe a small 
arc, intersectit]^ the given line in another 
point. 
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From the point without the line, as a center, 
wddi the same opening of yoiur compasses, 
delMstihe ano^er arc, exactly opposite to the- 
former. 

From the point uhere the first arc intersects 
the given line, draw a right line through your 
center, and produce it till it cuts the seccmd 
arc. 

From the point of intersection on the second 
arc, draw a right line to the given point in tlie 
given line. 

The line which you drew last is the perpendicular required. 

Consequently the problem is executed. 

Rub out superfluons or unnecessary lines, points and arcs; leaving 
only the given line and the perpendicular. 

When a perpendicular is to be dropped, it is done exactly in the 
same manner, only that the point without the line must be placed 
below it. 

AJier reading this observation, the Teacher will came the 
learners to drop perpeudicidars accordingly. 

PROBLEM IV. 

FROM A GIVEN POINT TO DRAW A PERPENDICUI^R TO 
A GIVEN LINE BY A RULER AND COMPASSES. 

‘METHOD 1 . When the given point is supposed to be nearly 
opposite to the middle of the line. 

Draw a right line to represent the ^ven line.-- 
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10 

Mark a point the line nearly opposite to the middle of 

it, to represent the given point. 

The Teacher will first cause the learners to 
mark the point above the line. 


From this point, you are now required to 
iar to the given line. 


raise 

drop 


a perpencficu- 


From the given point as a center, with any 
convenient opening of your compasses, de¬ 
scribe an arc, intersecting the given line, in 
two places. 



From one of these points of intersection, as 
center, vrith the s^e or any otlier convenient 
opening of your compasses, describe an arc 
on the opposite side of the line. 



From the second point of intersection, as a 
center, with the same opening, describe an 
arc, intersecting die last arc. 



From the given point draw a right line, to 
the point of intersection, of the two arcs. 




to 
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Rub out that pait of this last dra\\ii right 
line, which passes be>oud the given line, and 
the remaining part of it m ill be the perpendi¬ 
cular required. 



^ / 


Rub out also superfluous arcs. 


Your problem is nov executed. 

When the point, fioni whence the pci pendicular is to be 
drawn, is placed below the given line, the pioblem will be per¬ 
formed exactly b\ the same rule. . 

Here the Teacher will cause the learners to raise a perpendicu¬ 
lar to a given line from a given point belou the hney according 
to this method. 


PROBLEM IV. 

FROM A GIVEN POINT TO DRAW^ A PERPENDICLLAR 
TO A GI\EN UNE, BY A RULER AND COMPASSES. 

METHOD 2. When the point is nearly opposite to the end 
of the line. 

Draw a right line to represent the given line, and mark a point 
below opposite to one end of it, to represent the given 

point. 

The Teacher will first cause the learners to 
place thar point above the line. _— 

Mark a point in the given line towards the 
middle of it. --- 
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Prom the last marked point, as a center, 
with an opening, equal to the distance between 
the two points, describe an arc, which must 
qommence at the given point, and cross the 
given line. 

From the point where this arc intersects the 
given line, as a center, with an opening equal 
to the distance between this point and the 
given point, describe a second arc intersecting 
the former arc, on the opposite side of the 
line. 

Draw a right line from tlie given point, to 
,the point of intersection of the tw'o arcs. 

This will be perpendicular to the given line. 

Rub out the superfluous part of this perpendicular. 

Rub out also superfluous arcs; and your | 

problem is executed. __ 

When the point from whence the perpendicular is to be drawn 
is placed below the given line, the problem will be perfonned 
exactly by the same rule. 

Here the Teacher will cause the learners to raise a perpendicular 
In a given linCj from a given point below it, according to this 
method. 

The drawing of perpendiculars, which formed the subject of 
the last two problems^ may also be performed without a pair of 
compasses, by means of a triangle and ruler. The mode of doing 
this shall now be explained. 
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PROBLEM V. 

FROM A GIVEN POINT TO RAISE OR DROP A PERPEN¬ 
DICULAR TO A GIVEN RIGHT LINE, BY MEANS OF A 
TRIANGLE AND RULER. 

METHOD 1. Draw a right line to represent the given right 

above 

line, and mark a point in it, to represent the given point. 

below 

T/ie Teacher tcill Jirst make the learners 
mark their point in the given line. 

Place the long side of your triangle upon tlie given lino, uilh 
the body of the triangle under it. 

Hold tlie triangle firmly in your right 
hand, and with your left hand apply your \ • 

ruler to that short side of the triangle, w hich 
is to the left of your slate, in the same man¬ 
ner that was before directed, in drawing 
parallel lines. 

Steady your ruler with the left hand, and with your right hand 
turn the triangle round, till the otlier short side of it touches the 
ruler; the long side of the triangle will then become perpendicu¬ 
lar to the given line. 

Slide your triangle upon the ruler, till the 
long side agrees with tlie given point; tlien 
draw a right line from the point to the given 
right line. 

This last drawn right line will be the perpendicular required. 
Rub out your figure. 





PERPEM0ICULARB. 


METHOD 2. The same problem may be peifomieil wkbout 
turning your triangle. 

Draw the given right line and the, given _ 

point as before. 

Place one of the short sides of your triangle upon the given 
line, and let the end of it be a good deal beyond the given point. 


Then apply the ruler to the long side of : 

your triangle, and steady the ruler. | 


Slide your triangle up the ruler, till the other short side of it 
meets the given point. 


Along this last-mentioned side of your *•.. 
triangle, draw a right line from the given " 

*• * 

point to the given line. 

This last drawn right line is tlie perpendicular required, 

The Teacher will make the /earners perform this problem 
repeatedly., placing their given point in various positions ahovct 
and below, as well as in the given line ,• the same rule applUs io 
every case. 

The learners should also know horn to use ihe triangle and 
ruler, with either hand; as it may not aheaye he most cowvenveai 
to apply the ruler to the left side of the triangle. 

We shall now return to our Definitions. 

DEF. 15. Any line, that is neither parallel nor perpendicular 
to another, is said to be oblique to it. 
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Write tile words OB LI 0 up lines. 

Draw some ob¬ 
lique lines. 

Oblique lines if produced will meet and form an angle. 

Produce jour oblique lines till they meet, or as far as your 
slate Mill permit. 



DEF. 16. Anj angle, that is not a right angle, is called an 
oblique angle. 

Write oblique angles. 

Oblique angles are of tM'O kinds. 

DEF. 17. An oblique angle which is less than a right angle, 
is called an acute angle. 

WritM AriTTR ANfil.F.fi- 


Oraw some acute 
angles. 

DEF. 18. Any oblique angle which is greater than a right 
angle, is called an obtuse angle. 

Wrtt« nUTTlRE ANGLES. 

Praw some ob¬ 
tuse ansles. 
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Having 'defined the nature ,of lines and jingles, live shall now 
proceed to tlie various kinds of plane superficies. 

A plane superficies was before defined. 

It was slated that a superficies merely meant the surface of any 
solid, and that the surface or outside of any thing has a shape or 
figure, but no substance. 

A supeificies is therefore very often called a figure, because it is 
a figure and nothing more, being in sliort exactly like a shadow, 
as was before explained. 

Write PLANE SUPERFICIES OR PLANE FIGURE. 

A plane figure may citlier be bounded by right lines, or by curved 
lines, or both. 

D J‘j F. 1 y. A plane figure bounded by right lines is called a 
right-lined, or rectilinear figure. 

Write the words right-lined or rectilinear figure. 

DEF. 20. A plane figure bounded by curve lines is called a 
curve-lined or curvilinear figure. 

Write the words curve-lined or curvilinear figure. 

A right-lined figure has exactly as many sides, as it has angles, 
the least number being three. 

DEF. 21. A right-lined figure of three sides and angles is 
called a triangle. 

Write A triangle. 

Draw some triangles. 

When a figure of several sides is mentioned without speci^ng 
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pwtkidniiy 6ie nsture of the iinet which bound it, a right^ined 
figure is always implied. 

DEF. 22. An equUatenil triangle ia that which has all its 
6uree sides equal. 

Write EQUILATERAL TRIANGLE. 


PROBLEM VI. 

UPON A GIVEN RIGHT LINE, TO MAKE AN EQUILATERAL 

TRIANGLE. 

Draw a right line to represent the given line. — . 


Take the length of tlic line in your compasses, 
and from the two ends of it as centers, describe 
arcs intersecting each other above it. 


><C 


From each end of the given line, draw a right 
line, to the point of intersection of the two arcs. 


Tlie triangle which you have just drawn has all. its sides equal; 
and is therefore called an equilateral triangle: consequently your 
problem is executed. 

Any other plane figure, which has aU its sides equal, is also 
said to be equilateral. 

Write AN equilateral figure. 

DEF, QS. The undermost side of a triangle, or of any figiwe, 
is called the base. 

Write the woidf bass of a triangle or other fioure. 
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DEF, (24. Wlien one side of a triangle is called the base, the 
other two arc generally called the legs. 

r 

Write THE legs of a triangle. 

DEF. 25. The height of a triangle or other figure is called ks 
altitude. 

Write the words altitude of a triangle, &c. 

The altitude of a figure is measured by dropping a perpendicu¬ 
lar, from the highest angle or top of it to the base. 

Drop a perpendicular to show the altitude of your 
equilateral triangle. 

DEF. 26. The top or highest angle of any figure is called the 
vertex. 

Write the words vertex of a triangle, &c. 

DEF. 27- An isosceles triangle is one that has two of its sides 
equal. 

Write ISOSCELES triangle. 



PROBLEM VIL 

UPON A GIVEN LINE AS A BASE, TO DESCRIBE AN 
ISOSCELES TRIANGLE, WHOSE TWO OTHER SIDES SHALL 
EACH BE EQUAL TO ANOTHER GIVEN LINE. 

Draw a right line to represent the base of your 
isosceles triangle. 

' Draw another right line in a corner of 
ypur slate, to represent the given length 
of the two equal sides, observing only that 
you must make this second line more dian 
one half of Ute former. 
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f ■*' ^ 

Take in your compasses the lengdi of 
the second line, and from the ends of your 
base, as centers, describe two arcs inter¬ 
secting each other above the base. 





Draw right lines from the ends of your 
base, to the points of intersection of the 
two arcs. 




The triangle which you have just drawn is an isosceles triangle ; 
that is to say it has two sides equal to each other, and also equal 
to a given line; and its base is of a given length: consequently 
your problem is executed. 

DEF. 28, A tiiangle which has all its tlirce sides unequal, is 
called a scalene triangle. 

Write SCALENE triangle. 


PROBLEM VIII. 

TO MAKE A TRIANGLE, WHOSE THREE SIDES SHALL BE 
EQUAL TO THREE GIVEN RIGHT LINES. 

Draw three right liuqs of different lengths, 
at a comer of your slate, to represent the 

three given right lines; observing only that_ 

any two of these lines must be greater than - 

the third, otherwise the problem will become 
impossible. 

1 shall now mark the line, which I intend to take for my base, 
with a point 

You will do the same. —-- 
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Draw a line near the middle of your slate, equal to the line 
which you have just marked; and let this be the base of your 
triangle. 

Mark it also with a 
point. 

Mark another of your 
three given lines, widi two 
points. 

Take the length of this 
second line in your com¬ 
passes, and from one 
end of your base, as a 
center, describe an arc 
over it. 

Take the length of the 
third given line in your 
compasses, and fro in die 
other end of your base, as 
a center, describe a second 
arc intersecting the former. 

Join bodi ends of your 
base to the point of inter¬ 
section, and mark with 
two points that line which 
is drawn from the center 
of the first arc. 

Your problem is now performed. You have made a triangle 
whose three sides are equal to the three given right lines, and those 
lines which are marked in the same way correspond or agree with 
each other. 

Triangles have also different names' according to the nature of 
their angles. 
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ly^P. 29. A tmngle whidi has Hs three angles all acute is 
tailed an acQte angled triangle. 

Write an acute angled thiangle. 

Draw an acute angled triangle. 

DEF. 30. A triangle which has one right angle, is called a 
right angled triangle. 

Write a RIGHT ANGLED TRIANGLE. 

Draw a r^ht aisled triangle. 

DEF, .^1. The longest side of a right angled triangle is called 
the hypothenuse. 

Write THE HYPOTHENUSE OF A RIGHT ANGLED TRIANGLE. 




The h^'pothenuse of a right angled triangle, sometimes is the 
hase of it. 


Draw a right angled triangle, having the 
hjpothenuse for its base. 



When the hypothenuse is the base, the other two sides of a 
right angled triangle are called the legs. 

Sometimes one of die thcMl sides of R right angled triangle 
b the base. 

Draw a i^t aisled triai^le, haring a short 
ride for its base. 


In tiib case die three sides are Rot called the hypothenuse and 
legs, but die hypothenuse, base, and perpendicular. 
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Write the words hyfothenvse, base, and pbrfendicu- 

LAE OF A RIGHT ANGLED TRIANGLE. 

DEF. 32. A triangle which has one obtuse angle is called an 
obtuse angled triangle. 

Write AN OBTUSE angled triangle. 

Draw some obtuse angled triangles. 



DEF. 33. Figures with four sides and angles are called 
quadrilaterals or quadrangles. 

Write the words quadrilateral or quadrangle. 

DEF. 34. A quadrilateral or four-sided figure, which has Its 
two opposite pair of sides parallel to each other, is called a 
parallelogram. 

Write die word parallelogram. 


Draw a pa¬ 
rallelogram. 


z/ n zz 


Here the Teacher will cause the learners, after he has examined 
their first parallelogram, to draw a second, a third, ^c. all (fi 
different forms, such are shown above; takir^ care to set 
that each figure is correct, bfore he allows them to begin, 
another. 


DEF. 35. A parallelogram which has all its angles right 
angles is called a rectangle. 

W'rite the word rectangle. 
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Here the Teacher trill make the learners draw several rect- 
anglesj examining only one figure at a time, as was before 
directed. 

DEF. 36. A rectangle which has all its sides equal is called 
a square. 

Write the word square. 

PROBLEM IX. 

UPON A GIVEN LINE TO MAKE A SQUARE. 

Draw^ a right line to represent the given liiiei and 
also the base of the square. 

From one end of die base, raise a perpendicular, 
equal to it in length. 

Take the length of the base in your compasses, 
and from the top of the perpendicular, and tlie 
farthest end of tlie base, as centers, describe arcs 
intersecting each oUier above the base. 

From the extremities of the base and perpendicu* 
lar, draw i%ht lines to the point of intersection of 
these two arcs; This will complete your square. 

METHOD Q. Of making a square. 

Rub out the two arcs and the two last drawn 
lines, leaving only the base and perpendicular. 
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Prom the fop of the perpendiculiu', cha^i^ a line 
parallel to the base. 


From the farthest exQremity of the base, draw a lifM» 
parallel to the perpendicular, and your square will be 
complete. 

In Geometry, the word square signihes the fouT'eitled figure 
which you have just drawn, and pothing else. It is common, 
however, amongst workmen to say, that two lines are square to 
each other, instead of perpendicular. This is a very improper 
term, which you will recollect never to use; unless you happen to 
meet u ith persons so very ignorant, as not to be able to uiKler> 
stand you otherwise. 

DEF. 37- A rhombus is an equilateral parallelogram, whose 
angles are oblique. 

Write the word bhomsus. 



You will now proceed to draw a rhqmbus. 

First draw a right line to represent the base of it. 


Draw a second right line forming an oblique angle 
with the base, but equal to it in length. « 



Front the top of fiiis second line, draw a line 
paralle] to the base; and froin die other extremity 
of the base draiv a linc^p#allel to your second line. 

This will form a paralleloppFant, which* has all its sides equal, 
and dl its angles oblique*: it It^therefore a rhombus. 



DEF* 38. An oblique angled paraUelograni, iwhose sides are 
unequal, is called a rhomboid. ** 


Write the Vord bhomboid. 
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l^w a liioiiiboid. 

Rtn the Teacher tnll make the learners draw some rlwmhoids. 
The Jigures of parallelograms given in Definition 34 being all 
rhomboidSf he may refer back to then f he finds it necessary* 

DEF. 39* A quadnliteral, 'which has none of its four sides 
parallel is called a trapezium. 

Write the word trapezium. 

Draw a tnpeziuin* 


DEF, 40. A quadrilat^ly winch has one pair of parallel 
sides only, is called a trapezoid. 

Write the word trapezoid. 


Draw a trapezoid. ' 


DEF. 41. A diagonal is a line drawn across a quadrilateral or 
othor figure^ between two o^iposite aisles. 

Write the word diagonal. 

4 

Draw a diagonal across one of jrour trapezoids. 


Draw the other diagonal. 


DEF. 42. Any figure with more than four ndes, is called a 
polygon. 

itrite the word polygon. 

DEfi*. 45. A polygon of five aides ta caBed e pentagom* 



r] \z\ 






Write the word penta<son« 

Draw a penti^oii. 

I 

DEF» 44. A figure with six sides is called a hexagon* 

Write tlie word hexagon. 

Draw a hexagon. 

The Teachei must direct the learners to make the following 
figures as large nearly as their slates will hold. 

DEF. 45. A figure with seven sides is called a he{»tagoB. 

Write the word heptagon. 

Draw a heptagon. 

DEF* 46. A figure with eight sides is called an octagon. 
Write tlie word octagon. 

Draw an octagon 

DEF. 47> A figure nine sides b called a noiiagqvi. 

Write the word nonaqon. 

Draw a nonagon< 

DMF* 46. A figure with ten sides is called a decagon. 

D 8 








S6 PRACTICAL GROMETRY. 

Wpte the wonl decaoon> 

Draw a decagon. 

DEF. 49 . A figure widi eleven aides is called an undecagon. 
Write the word VNdecagon. 


Draw an undecagon. 

DEF. 50. A figure widi twelve sides is called a dodecagon. 
Write the word dodecagon. 

Jhaw a dodecagon. 


* I ^ 

DEF. 51. Polygons, that have unequal sides and angles, are 
called irregular polygons. 

Write die words ibbbgular polygons. 

The polygons, which you have just drawn, were therefore all 
irregular polygons. 

DEF. 52. Polygons ihit bitn all their sides and tngles equal 
are called regular polygons. 

Write the words bsqvlab polygons. 

The abovh definidons apply to plane figoree hounded by right 
line$. 
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Plane figures may also be bounds 1^ corves, as was before 
explained. 

DEF. 53. A circle is a plane figure liounded by a curved 
line, every part of which curve is equally distal Irom a point 
within it. 

Write die word circle. 

DEF. 54. Ibe point vridiin the circle, from whence all parts 
of the curve are equally distant, is called the center. 

Write the words center of a circle. 

You will now draw a circle. 

Open your compasses to any width, keep one 
leg fixed, and with the other leg make a sweep all 
round; when you do this you describe a circle. The 
point, where the fixed leg stood, is the center, as 
was just explained. 

DEF. 55. The sweep made with the moving leg, that is to 
say the curve which bounds your figure, is called the circumf(^ence 
of the circle. 

Write die words circumference of a circle. 

ft 

DEF. 56 . The radius of a circle is a right line, drawn from 
the center to the circumference. 

Write the word radius. 

Draw a radius. 

DEF, 57* The diameter of a circle is a right line drawn 
duough the center, as fiu* as thl^ cttcumfereiice> on both sides. 

Write the word diameter. 




Draw a diameter. 



PRACTICAL O10METRY. 


S8 


Htt ^nniBter ^ « circle if, as 7011 may percaivc, exactly 
double the radius. 


DEF, 58. An arc of a circle is any part of (he ctrcum- 
ference. 

» 


Write THE ARC or a cibclb. 

% 

Rub out your diaineter and part of the circumfe¬ 
rence, and an arc udli remain; the nature of whicb, 
as you may remember, n^as explained before. 



DEF. 59 . A chord is a right line joining the extremities 
of an a^c. 


Write the words chord of an arc. 


Draw the chord of your arc. 



A 

DEF. 60. A segment of a circle is any part of it, which is 
bounded by a chord and an arc; therefore the figure you have 
just drawn is a segment. 


Write the segment of a circjle. 


Rub out your figure y describe a new circle, and 
drew a diameter to it. 

DEF. 61 . The diameter divides the circle into two sagmeiita, 
which are equal to each other, and arc called semicircles or half 

circles. 

% 

Write the word s£inein€X.B. * 

DEF, 62. Ihe half circiimference of a circle is cafied the 
jami^irciimferelifie. 

r 

Write the word bbmi-ciecdmfebence. 
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Rub out half jour circle. 

The figure now remaining is a semicivoie«^ It hounded by the 
diameter and by the semi^irdumlerettce. 

Rub out your figure. 

Describe a new circle. 

DEF. 63. Any part of a circle, which is boimded fay two 
radii, and an me, is called a sector. 

Write the word sectob. 

Draw two radii to your circle, forming any angle 
jou please. 

Rub out all the rest of the circumference of the 
circle, except the arc, which is bounded by your two 
radu, and the figure remaii^g will be a sector. 

Rub out your sector. 

DEF. 64t. A quadrant or quarter of a circle is a sector 
which baa a quarter of die circumfierence for its arc; or whose 
two radii are perpendicular to each other. 

Write the words quadbant ob qvabteb of a cibgee. 

Describe a new circle. 


Dr|w two radii perpendicular to each dlh^. 
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Rub tntt lU tbft dieuinferaiic«^ lb« uc con¬ 

tained between your two ra^i aiui tbu figure Ibat 
remains will be a quadrant. ^ 

1 will now give you a full expktiation of the nature of angles, 
. which could not have been wdl undentood, if it had been in¬ 
troduced before the properties of the circle were defined. 

If a circle is described, with any radius, from the angular 
point of a r^ht-lined angle, as a center; the angle will be 
measured by the arc, which is bounded by the two right lines 
that form die ai^^e. 

Draw a right-lined angle. 




From the angular'point, as a center, describe a 
circle v ith any radius. ' 



Pot every part of die circundhrence except die /' 
arc that is comprehended between the two right : 
lines, which form the angle. 



The proportion \thich this arc bears to die whole circumfe¬ 
rence, determines the magiutude of the angle. 


On examinii^ this figure with attention, you will understand 
clearly the nature of an ai^le as it was formerly defined. 


Produce yoUr lines to a much g^oater 
length. ^ 



You see that this makes no difFarence in the proportional sice of 
, die wre which measures your angle. 


From did center of the tame drcle draw 
two shmrter lines, on contrary sides of your 
two former lines. 
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You now sec, that the it inniiMled by these two short 

lines, is much lisrger, and cmtseqtteli^ bears a much greater 
proportion to the whole circumferem^ ihsiti Ihe former arc. 

This shows that the ^magnitude of to angle does not depend on 
the length of the two lines that form it, but on thbir openii^, or 
bevel. 

Rub out your two last drawn lines, and / 
your original angle will remain. 

From the same center, with a greater 
radius, draw a»new circle; and dot all 
the circumference of it except the arc 
which is contained between the tw'o lines 
tliat form the angle. 

This figure now shows that the length of the radius, with 
which you describe the arc, that is to measure an angle, makes no 
difference; because if you compare these two arcs t(^ether, you 
will find, that the small arc bears the same proportion to the cir¬ 
cumference of the small circle, as the laige arc bears to the cir¬ 
cumference of the large circle. 

For instance, if you take the length of the small arc, in your 
compasses, and apply it to the circumference of the small circle, 
and it should take eight times in going round; you will find that on 
applying the length of the large arc to the circumference of the 
large circle, it will alio take exactly eight times to go round; and 
the same will happen in any other proportion greater or less than 
one-eighth. 

, The Teacher tsiU explain this practically on the board. 

The usual mode of measuring angles, is by degrees, or equal 
parts, into which the ciccumference of a circle is supposed to be 
divided. This will afterwards be explained to you when you are 
further advanced. 
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J)EF,‘ 65. An*aaeigle tt the einmlmiice of a circle* is one 
wboM angular point is any where m 6|0 olrcumierence. 

Write AN ANGLE AT TRB ClRCCMFEBENCE. 

Oeseribe a circle and draw «b angle in it* whose 
angular point is at the circumference. 

DEF. 66. An angle at the center of a circle is one whose 
angular point is at the center. 

Write AN ANGLE AT THE CENTER. 

Draw an angle at the center* standing on the 
same arc as the foiiuer angle. 




Rub out your angle at the circumference* and 
the an^e at the center only remains. 



DEF. 67. A right-lined figure is said to be inscribed in a 
drcle*. when all the angular points are in the circumference of 
the circle. 


Write A FIGURE INSCSIBEP IN A CIRCLE. 


Rub out the angle at the center of your mrele. 




Inscribe m pcatigtcii in yow chde. 



INSCRI^P fIGUBES. 
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D£P. 68* A circle is miUk to Ins isiiKSwitied in a figure, urlien 
all the sides of tlie figure are tiaigeiits ^ the chrctniiference. 

f 

Draw a circle. . % 

V 

Draw five lines touching, but not cutting, the 
circumference in different points; and produce 
these tangents till they meet and form a pen¬ 
tagon. 

The circle, which you first drcw% is inscribed in the pentagon. 

DEF. 69. One right-lined figure is said to be inscribed in 
another, when all the angular points of the one figure are in the 
sides of the other,* 

Draw a pentagon. 

Mark a point any where in each side of it. 





Join die five points thus marked by as many 
right lines, which will give you a new pentagon. 

The lost drawn pentagon is inscribed in the former, 
DEF. 70. A line that cuts a circle is called a secant 



* DEF. When one figure is inscribed in another, the latter figure it alsa 
said to circumscribe the former. 

Tbis definition, which appeared in die ot%i|ial mamapOn^t of work, 
has been eaiitted; because it was found by experience, diat almost all the 
loamen were f^t to oonfound the tms ** inscribe*’ md ^ drcumscribe.** 
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Write the word secant. 
Describe a circle. 


'ii / 




Mark any point in the circumference. 

And from this point draw a fine across the 
circle, cutting the circumference tn some other 
point. 

The line which you have jnst drawn is a secant. . 

In the Erections for drawing the above, there are'three dhtinrt 
orders or wordf of command, although onlif one fgure has been 
made to illustrate the whole of them. The same circumstance 
mill be observed in several other parts of this course, where 
instead of a distinct fgure for every distinct order, one figure 
only will be given for two or three orders; whenever the nature 
of tike operation to be perform^, after such orders, is so exceed¬ 
ingly simple, as to afford no room for mistake, on the part of 
the Teacher, for whose guidance the figures herein contained are 
principally intended. 

The Teacher is recommended, hoxvever, in almost all these 
cases, to see and examine the figures of the learners, after every 
individual order; observing always the general rule, of showing 
them the example of every thing that is to be done, himself; by 
previously drawing, upon the board, such part of the figure con¬ 
tained in this book, as each successive step of the operation 
requires, in conformity to its respective word of command. 

Rub out your figures. 

I will now explain to you the nature of some of the principal 
sofids. 

The Teofihermust have wooden solids of the proper form, in 
order to illustrate the following dffinitions. 




PEISMS. 
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The base of a solid is the tmdbnno«t«'Sicte Of it. 

The vertex of a solid is highest ^^oiiit, or peak of h. 

The aldtude of a solid is the peipendicular height of it, mea¬ 
suring from the vertex to the base. 

\^te the words base of a solid. 

^ VEBtEX OF A SOLID. 

ALTITUDE OF A SOLID. 

All these terras, as you will recollect, were before applied in 
the same sense to plane 6gures or superficies. 

A solid is often called a body, to distinguish it from a superfi¬ 
cies, which as was before explsuned has no substance but merely 
shape or figure. 

DEF, 71. A prism is a solid whose two ends are plane 
figures, equal, exactly alike, and parallel to each other. The 
sides of a prism must be parallelograms. 

A prism takes its name from the figure of its ends, which may 
for instance be triangles, quadrilaterals, pentagons, &c. 

This which 1 now show you is a triangular prism; observe its 
two ends they are triangles, exactly alike, and placed parallel to 
each other. 

All its sides you may also perceive are parallelograms. 

Write the words triangular prism. 

I will now show you a quadrilateral prism. 

Observe its two ends, they are quadrilateral figures, exactly 
alike, and placed parallel to each other. 

Its sides are also paraUelt^rams. 

* 

Write the words quadrilateral prism. 

I, will now show you a pentagond prism. 
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Its ends as you Qi»8erra^e ]Mita|;)oiis, exactly alike, and are 
placed parallel to eachJ^MV. Add its sides we all parallelo- 
grams. 


Write the words pentagonal prism. 

In like manner, there may be hexagonal prisms, faep^onal 
pnsms, &c. 

An upright or rectangular prism, is that which has all its sides 
perpendicular to the base. 

An oblique prism is that whose sides are not perpendicular to 
die base. 

Write the words upright or rectangular prism : 

OBLIQUE PRlfiM. 

Observe these two prisms: they are both triangular prisms; 
this is aa upright prism: the other is an oblique prism. 

DEF, 72. A parallelepiped is a solid body with six faces or 
ndes, 'hll of which are parallelograms; and every two opposite 
sides of which are equal, exactly alike, and parallel to each 
other. 


Write the word parallelopipeo. 

A rectangular parallelopiped is that whose six sides are all 
rectangles. 

Write the words rectangular parallrlopiprb. 

A Ivick'fip' instance is a rectangular parallelopiped. 

An oblique pumlldopiped is that whose six sides ape not 
rectaiq^es. 



PVEAliflDS. 
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Observe these two parallebptpeds of tiiem k a rectangu¬ 
lar paraJlelopiped; the other is an obli^k parallelopiped. 

DEF. 73. A cube is a solid, whose length, breadth, and 
thickness, are equal: it has six faces or sides, each of which is a 
square, and all these faces are equal. 

A pair of dice for instance are cubes. 

Write the word cube. 

DEF. 74. A cylinder is a regular solid whose two ends are 
circles, and the sides of whicli are perpendicular to the ends. 

A rolling-stone for instance is a cylinder. 

Write the word cylindeb. 

DEF. 75. The axis of a cylinder is a right line, supposed to 
pass through the centers of the two circles which form the ends 
of it. 

Write AXIS of a cylindeb. 

In a rolling-stone or in any cylinder^ which you wish to move 
about, the pivots, by which you move it, must pass through the 
axis, or it will not move regularly. 

When a cylinder or any other solid body moves round upon an 
axis, like a wheel upon its axle-tree, it is said to revolve. 

Write A SOLID body may revolve. 

When a solid body moves round or revolves, one turn round is 
called a revoludon. 

Write revolution of a solid body. 

DEF. 76, A pyramid is a solid which has any right-lined 
plane figure for its base, and whose sides are triangles, that termi¬ 
nate in the same point or vertex nbove the base* 
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Wril^ PYSAMID. 

A pyramid is called after its base like a piittm: the pyramid 
wludi I now show you, is for instance a triangular pyramid. 

Write TRIANGULAR PYRAMID. 

I will now show you a square pyramid. 

The pyramids of Egypt, which you may have heard of, are 
square pyramids. 

Write SQUARE PYRAMID. 

I will next riiow you a penti^onal pyramid. 

Write PENTAGONAL PYRAMID. 

Hius there may be hexagonal pyramids, heptagonal pyra¬ 
mids, &c. 

DEF. 77. A cone b a round pyramid, being exactly the 
same kind of solid, only that it has a circle for its base. 

Write the word cone. 

A sugar-loaf for instance is a cone. 

A rile-kiln b also shaped like a cone. 

f 

The axb of a cone b a right line supposed to be drawn from 
its vertex to the center of the circle which forms the base. 

Write AXIS OF A CONE. 

DEF, 78. A globe or sph^ b a regular solid body perfectly 
round, every part of the surface of which b equally dbtant from 
a point within it, wluch is its center. 

Write the Winrds globe or sphere. 

A cannon-ball for instance b a globe or sphere. 



SOLIDS. 
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DEF. 79. The diameter of a globe or sphere is any right 
lint* supposed to pass through the center of it, from one side to the 
other. 

Write the woids diamfter of a globe or sphere. 

DEF. HO. The axis of a globe or sphere is the diameter or 
right hue passing through tlie center, about which the globe or 
sphere is supposed to i evolve. 

Write THE AXIS OF A GLOBE OR SPHERE. 

A globe or sphere may have many diameters, but it has only 
one axis. 

DEF. 81. Any line or surface whidi is quite level is said 
to be horizontal. 

Write a horizontal line. 

Write also a horizontal plane or superficies. 

The surface of water in a lake for instance is horizontal. 

DEF. 82. Any line or plane, which is perpendicular to a 
lioiizontal suiface, is called a xertical line or plane. 

Write VERTICAL LINE. 

Write also vertical plane or superficies. 

If you hang a plummet by a string, as soon as it shall leave off 
swinging, the string will form a veitical line. 

In shoit a vertical line and a plum line are the same thing. 

The side of a house, being built according to the plum line, is 
a vertical plane. 

DEF. 83. Figures or solids which are exactly like each 
other in form, but differ in size, are said to be similar. 

£ 


VOL. I. 
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Write SIMILAR t^IGVRCS OR SOLIDS. 

Similar figureii have the same number of sidci^, and all the cor¬ 
responding sides of the one figure are proportional to those of the 
other. 

Here the Teacher will draw two 
rectangles upon the board, making 
the base of the one double that of the 
other, and making the frst also dou¬ 
ble in height. 

The hso rectangles which 1 ha\e just drawn are similar 
figures; for every side of the laige one is exactly doable of tlie 
corresponding side of the oilier. 

By corresponding sides, I mean those sides which have the 
same position. For instance, the base of the one rectangle cor¬ 
responds to the base of the other. The top ol the one, in like 
manner, corresponds to the top of the oUier. The left aud right 
tides of each are also corresponding sides. 

I will now show \ou tw'O similar solids. 

Here the Teacher will produce two rectangular parallelopipeds; 
the length, breadth, and thickness of one of which must be exactly 
double of the same dimensions in the other. 

The height of the large solid is double that of the small one. 
Its length and breadth are also in the same proportion. 

They lia\e each the same number of faces or sides, and tlieir 
corresponding faces are all similar rectangles. 

The above definitions are as many as appeal necessary at present. 
VV’e shall now proceed w'ith some more problems, in addition to 
those which it w'as thought convenient to intermix with the defini¬ 
tions. 




BISECTION. 
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PROBLEM X. 

TO BISECT A GIVEN LINE. 

To bisect any thing is to divide it into two equal parts. 

Write BISECT OR DIVIDE INTO TWO EQUAL PASTS. 

Draw a right line to represent the given line. 

From the two ends of it, as centers, describe 
arcs intersecting each otlier both above and below 
the line. 

Join die points of intersection of these arcs by 
a right line. 

This right line will bisect your given right line, or divide it into 
two equal parts, as was required. 

Rub out superfluous arcs, and your problem is performed. 

PROBLEM XI. 

TO BISECT A GIVEN ANGLE. 

Draw two right lines forming any angle you 
please, to represent the given angle. 

From the angular point, as a center, with any 
convenient radius, describe an arc intersecting 
both your lines. 

E S 
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From the two points of intersection, as cen¬ 
ters, with any coinoinent radius, describe arcs 
intersecting each otiici, opposite to the angular 
point. 



Draw a right line from the angular point, to 
the point of intersection of the two last 
described arcs. 





'lliis right line >\ill bisect your given angle, or divide it into two 
equal parts : your problem is therefore jwrfornied. 


PROBLEM XII. 

AT A (JIVEN POINT, IN A OIVEN HK’.HT LINE, TO MAki: 

AN ANGLE EgLAL TO A GI\1:N ANGLE. 

Draw an angle to repieseiit )our given angle. 

Draw also a light line to re¬ 
present >our given right line, and 
mark a point, in any part of it, 
to represent your given point. 

It was before explained that angles ere always measured by the 
arc of a circle. 

From the angular point of 
your given angle, with any radius, 
describe an arc to measure it. 

From the given point in the 
given line, as a center, describe 
an arc on one side of the line 
with the same radius. 






EQUAL PARTS. 
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Take the length of \our first arc 
in your compasses, and from the 
point where the second arc meets 
the given line, as a center, desciibe 
a third aic intersetting llie second. 




Draw a right line from the given 
point, thiongh the point of inter¬ 
section of these two aics; and 
vour jnohlem will be pci formed. 



— 



PROBLEM XIIT. 

TO Divinr. A tJIVKN LtNK INTO ANY NLMELR OF 

Ktn’AL PAHTS. 

Draw a light line to rcpicscnt vonr 

gi\en line. e shall suiipose that it is - 

to be di\ idl'd into b\e eipial paits. 


Diaw anolliei line forming an angh 
with it' an acute angle is lust. 



Take any opening in vtnn compasses, such us you imagine will 
neail} be etpial to one of the pioposed divisions, and fiom llie 
angnlai point, set oft this distance ujjion the second hue, as many 
limes as theic are to be equal paits in the given light line. 

In the present instance we must 
mark it live times. 


From the last of these points, draw' a 
right line to the extremity of your given 
right line; this will form a triangle. 
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Through all the former points draw ri^t iioat parallel to tlie 
last drawn line. 

Hie points n here these parallels meet 
the given right line, will divide it into the 
required uuinber of equal paits. 

Rub out superfluous linos; and your problem is performed. 

Tliis is a problem proper for you to kiiovs ; but you must take 
notice, that unless it is vciy accuiatelv performed, it i.s alwavs 
better to divide any Inu* into equal parts by your eoinpasse*', 
making a numbei ot trials till you t the exart distance. 



PROBLEM XIV. 

TO FIND THE CENTER OE A OIVEN CIRCLE. 

Draw a circle to represent your given circle, the center of 
which we shall suppose to be lost. 

Draw also any chord. 

Bisect your chord, and draw a perpendicular 
through the middle of it, which you will produce as 
far as the circumference on both sides. 

Bisect the last drawn perpendicular, and mark the 
middle of it by a point. 

The point last marked is the center of the circle, which you 
were required to find: your problem is therefore performed. 




CIRCLES. 
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PROBLEM XV. 

TO DESCRIBE A CIRCLE, THE CIRCUMFERENCE OF AVIllCll 
S1IA1-.L PASS THROLGIl THREE GIVEN POINTS. 


Marl three points to represent the gisen points. 


Connect tiiem by two right lines. 



lliscct these liglit lines by perpendiculars, 
which must be produced till they meet and form 
an angle. 



From the angular point as a center, w ith the 
distance of any of the gi\en points as a radius, 
di scribe a circle; and the circunift lence of it 
will pass through ail tlie three given points . con¬ 
sequently }our problem is performed. 



PROBLEM XVJ. 

IJIROIGII A GI\LN POINT TO DR^^V A TANGENT lO \ 

GIVEN CIRCLE. 

METHOD 1. We shall first suppose the given point to be 
in the circumference of tlie ciicle. 

Draw a circle to represent the given circle, and 
mark a point in the circumference of it to represent ( 
the given point. 


From this point draw a radius. 
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Through the gi\en point, in the circumference 
of the ciicle, diaw a ritjlit hue perpendicular to 
this radius. 



The last diawn line ih the tangent required- your pi obit tn is 
theiefoie pei formed. 

Rub out radius and tangent, IcaMng only )Our original circle. 

MET HOT) 2. We shall now suppose the gi\en point, from 
whence the tangent must be diawn, to be without tlie tircumfc- 
reiicc of the ciicic. 


Mark a point without join circle to represent 
the gnen point. 



From this point draw a right line to the 
center of jour gi\eu ciicle 


Bisect this right line. 



From the middle of it, as a center, with a 
radius equal to half the line, describt an arc 
intersc t ting the circumference of (he circle in 
two places. 



From the given point, draw right lines 
through these points of intersection. 




INSCRIBED FIGURES. 
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Both of those lines are tangents to your given circle, and they 
a»e draM'ii from the given point. 

Rub out supcifluous linos and arcs, as also 
one of }our tung(uits; and your problem is 
poifoi mod. 



PROBLEM XVII. 


IN \ CIVEN CHICLE TO INSCRIBE AN EQUILATERAL 

TRIANGLE. 


Di aw a circle to roprosont the given circle, and mark 
a point in the chcumfoionce of it. 



I'loni this point a*? a center, with the radius of your 
ciiclo, make two mtorsections on the circumference. 



Join the two last points by a right line, which will 
b(‘ one side of the required triangle. 



Take the length of this line in your compasses, 
and from one of the ends of the line, as a center, 
<lescribt an aic intersectins the circumference in a 
new ])oint. 



Fiom this last point draw two right lines to the 
extremities of the first line, which will form a 
triangle. 



This triangle is an equilateral triangle, and it is inscribed in the 
given circle ; your problem is therefore executed. 



PRACTICAL GEOMETRY. 




PROBLEM XVIII. 

IN A GIVEN CIRCLE TO INSCRIBE A SQUARE. 

Draw a circle to represent your given circle. 

Draw a diameter. 

Draw another diameter perpendicular to the former. ^ , 

^- 

Connect the extremities of jour diameters by four ' ^ 

right lines. * , 

Rub out yoiw two diameters ; and the four remaining right lines 
will fcHrm a square inscifbed in fh<' given < ii cle : j (nir prohlem is 
therefore executed. 


PROBLEM XIX. 

IN A GIVEN CIRCLE TO INSCRIBE V REGULAR 

PENl’A(;ON. 

Draw' a circle to represent the !ri\en circle. 

Divide the circumference of it into five equal parts, 
by trials with your compasses. 

Join the points marked on the circumference by 
fife right lines. 

The above five lines form a regular pentagon. Yow problem 
is therefore performed. 




INSCRIBED WO^RES. 




PROBLEM XX. 


IN A GIVEN CIRCLP TO INSCRIBE A BiaULAK 

HEXAGON. 


Draw a circle to reprc!»cnt the giveu circle. 


Take the radius of this ciicle in your com] 
and apply it round the circumference as often as it 
nmU go. I'iiis \\iU be exactly six times. 



Join the six points upon your circumference by 
six right lines ; and your problem is performed. 



PROBLEM XXI. 

IN A caVEN CIRCLE TO INSCRIBE A REGULAR 

HEPTAGON. 


Diaw a circle to represent your given circle. 


Divide the circumference of it into seven equal 
parts, by trials with }our compasses. 



Join the points upon your circumference by 
seven right lines; and llte j>roblem is performed. 
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PROBLEM XXIL 


IN A GIVEN CIRCLE TO INSCRIBE A REGULAR OCTAGON. 

1 

Draw a circle to represent tlie given circle. 


t 


Draw two perpendicular to each other, 

which will diitkle circumference into four equal 
part.. '1^'^ 



Bisect each of these four equal parts. 



The circumference of voiir given nrde is now subdivided into 
eight equal parts, which aje maiked h\ points. ‘ 


You will join the above points by as many 
light lines. 





\ 

/ 

t 



The eight right lines, which }ou have just drawm, form a 
regular octagon : your problem is therefore performed. 


PROBLEM XXIII. 

IN A GIVEN CIRCLE TO INSCRIBE A REGULAR 

NONAGON. 

Draw a circle to represent tlie given circle; and divide the 
circumference of it into three equal parts. 



INSCRIBED FIGURES. 
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Tlie length of one of these parts is found in the 
way explained in a former problem, by applying 
the radius twice to any part of the curve. 



Subdivide each of these parts also into three 
equal parts, by trials witli >our compasses. 



Join the nine points marked on tlie circumfe¬ 
rence of jour circle by as raanj right lines, which 
will form a regular nonagon: consequently the 
problem is executed. 



PROBLEM XXIV. 


IN A GIVEN CIRCLE TO INSCRIBE A REGUIaR 

DECAGON. 

Draw a circle to represent the given circle; and draw A 
diameter, which will divide it into two semicircles. 


Divide each of your two semicircles into 
five equal paits. 



Join the ten points now marked on the circum¬ 
ference by ten right lines; which will form a 
regular decagon : your problem is therefore per¬ 
formed. 
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Ib like manner a regular uudecagon, dodecagon, or any other 
kind of polygon, may be inscribed in a given circle; by previously 
dividing the circumference into as many equal parts as the required 
figure has sides. 


PROBLEM XXV. 

TO DESCRIBE A REGULAR POLYGON, WHOSE SIDES 
SHALL EACH BE EQUAL TO A GIVEN RIGHT LINE. 

Draw a right line to represent the gi\en right 
line, and also the side of the proposed polygon. 

Let us suppose that the polygon recjuircd to be made is a regu¬ 
lar hexagon. 

From the left extremity of the gi\en line, as a 
center, with the length of It as a radius, describe 
a semicircle ; complete the diameter of this semi¬ 
circle by producing the line; and dot tlie pio- 
duced part. 

Divide the semicircle into as many equal parts as the proposed 
polygon has sides. 

Your proposed polygon in the present instance 
being a hexagon, six equal parts will be required. 

From the left extremity of youi given line, 
which corresponds with the center of )our serni- 
cincle, draw a right line to the second point, 

\Huch is marked on the left side of the semicircle. 

The last drawn line, and the given right line, will form two of 
the sides of your, proposed polygon. 





REGULAR POLYGONS. 
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From tlie center of your semicircle draw 
right lines cutting the curve, through all the 
points tliat are comprehended within the 
angle, which is formed by these two sides. 



From the outward extremities of the two 
finished sides of your polygon, with a radius 
equal to one of the sides, describe arcs inter¬ 
secting the two nearest right lines which cut 
the curve. 



From the center by which these arcs were 
described, draw right lines to the t^vo points 
of intersection thus found: and these lines 
will give you two new sides of your proposed 
polygon. 



From tlie outward extremities of the two 
fast finished sides of your polygon, with a 
radius equal to one side, describe arcs inter¬ 
secting tlie nearest remaining line or lines 
which cut the curve. 



From the center by which these airs were 
described, draw right lines to the points of 
intersection found; which will give you tw'o 
new sides. 

In die hexagon this will complete your figure. 

Rub out your superfluous semicircle^ lineSj and arcs; and th« 
problem is performed. 



Rub out your figure. 
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Here the Teacher will exercise the learners in performing this 
problem several timeSj choosing other pol^gons^ such as a penta^ 
gon, a heptagon^ an octagon^ Sfc. obsen'ing to make such xaria^ 
tionSj in giving his dircctionSf as the nature of the polygon may 
require. 

In the pentagon, the figure will be completed, before he has 
given the whole of the above orders which are necessary for a 
hexagon. 

If on the contrary, the proposed fgure is a heptagon, an 
octagon, or other polys,ott of more sides than six ; the figure 
will not be completely closed in, after the whole of the aboxe 
orders have been issued. 

In this case, the Teacher w ill again repent the two following 
orders, being the same which were used at the end of the ion- 
struction of the hexagon. 

From the ollt^^a^d extremities of tlie two last fiiiislieri sides of 
your polygon, with a radius equal to one side, describe arcs intei- 
secting the nearest remaining line or hues, which cut Uie curve. 

From the centers, liy which these arcs were described, ebaw 
right lines to the points of inteisection thus found; which will 
give you two new sides. 

These two orders, being repeated as often as proves necessary, 
will serve for the largest polygons. 

There is a more correct method of performing this problem, 
by drawing a circle, whose radius shall have a certain proportion 
to the given line, according to the nature of the required polygon ; 
and afterwards inscribing the polygon in this circle. 

But the proportion which the side of any polygon bears to a 
circle, io which it is inscribed, is more properly to be found by 
mensuration, than by practical geometry. 



INSCRIBED CIRCLES. 
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PROBLEM XXVL 

IN A GIVEN TRIANGLE TO INSCRIBE A CIRCLE, 

Draw a triangle to represent your given triangle. 

Bisect any angle of it, for instance the 
angle at the left extremity of the base, by 
a right line. 

In like manner bisect by a right line any 
other angle of it, for instance the angle at 
the right extremity of the base. 

Riib out superfluous arcs, and every part 
of the two bisecting light lines, except 
the point where tliey intersect each other. 

Tlie above point w'ill be the renter of y our 
proposed circle. 

From this point, drop a perpendicular 
to any of the sides of your given triangle, 
for instance to the base; and w ith this per¬ 
pendicular, as a radius, describe a circle. 

Your problem is perfonried : you have inscribed a circle in the 
given triangle. 






PROBLEM XXVII. 

IN A GIVEN SQUARE TO INSCRIBE A CIRCLE. 

Draw a square to represent tlie given square. 

Draw two diagonals intersecting each other, in a point, which 
will be the central point of the square. 


▼ OL. p. 


F 
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From tins point dro[) a perpendicular to any side of 
your square. 



Rub out your diagonals; and from the central point 
of your square, w ilh the perpendicular just draw n, as 
a radius, describe a circle. 



\oui piobieiu is performed. 


PROBLEM XXVlll. 

IN A GIVEN REGLLAK POLVGON TO INSCRIBE A CIRCLE 


A regular poKgon must liist be drawn to represent the gi\en 
polygon, llie best way of doing Uiis is by first drawing a circle. 

Let us suppose, foi instance, that the given polygon is a 
hexagon. 


Draw a circle; and inscribe a legulai hexagon in it. 





Rub out your circle, and the regular hexagon only 
remains. 



This hexagon represents the given polygon in which you arc 
required to inscribe a circle. 


Bisect any angle of your ^ven regular polygon by a right line. 

If the polygon has an even number of sides, a diagonal draw n 
from any angle, to the angle which is directly opposite to it, will 
bisect either of these angles, at once, witliout the trouble of 
measiinng them by an arc, &c. 



INSCRIBING CIRCLES. 
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The hexagon having an even number of sides, you 
may therefore bisect any angle of it, in this manner. 

Draw a diagonal accordingly. 

Bisect in like manner any other angle of your given 
polygon (no mutter which) by a second diagonal inter¬ 
secting the former. The j)oint where they intersect 
eaeli other will be the central point of the figure. 

Rub out e^ery jnirt of the two bisecting lines except the above 
point of intersection; and from this point, drop a perpendicular 
to any side of your given polygon. 

From the central point of your given polygon, as a 
center, with the perpendicular as a radius, describe a 
circle. 





This circle is inscribed in your given polygon: the problem is 
therefore performed. 

Tlliis rule applic's to all other kinds of regular polygons, as well 
as hexagons; and is in fact the same method as that which was 
used in the two last problems, in respect to the triangle and the 
square. 

Here the Teacher may cause the learners to inset ibe a circle in 
a regular pentagon^ heptagon, &'c. if he thinks proper, making 
such variations in his orders as the nature of the new polygon 
may require. 

It is impossible to inscribe a circle properly in an irregular 
polygon; because all the sides of an irregular figure cannot be 
made to touch a circle. 
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PROBLEM XXIX. 

ABOUT A on E\ TRIANGLE TO DESCRIBE A CIRCLE. 

Draw a triangle to rcpieseut joui given triangle. 

Bisect am two sides of it, for instance the base 
and die left leg. 

I'lom the middle points of the two bisected 
sides, draw peipendiculars winch >oii must pro¬ 
duce until the} intersect each other, eitlicr w itlim 
or without the triangle. 

Fioni the point of intersection of these two per- ^ 

pendiculars, as a center, with the distance between 
this point and any of the angular points ot youi 
figure, as a radius, describe a ciicle. 

Your problem is now performed it is similar to a foimei 
problem, wherein }Ou were taught to describe a circle thiough 
three given points. 




PROBLEM XXX. 

ABOUT A GIVEN EQUILATERAL TRIANGLE, SQUARE, OR 
REGULAR POLYGON, TO DESCRIBE A CIRCLE. 

r an equilateral triangle -x 

Draw c a square > to represent the given figure. 

V a regular polygon ' 

If the Teacher should think proper to direct the learners to 
draw a regular polpgoUf he must of course specify what kind f 
polygon he requires. 
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Find the central point of your given figure, by the method 
shown in the former problems; that is to say, if it is a square, 
draw two diagonals intersecting each other: but if it is an equi¬ 
lateral triangle or a regular polygon, bisect any two angles by right 
lines inter&ectuig each other. 

T//is proce'is is so terij simple^ that it has not been judged 
necessari/ to insert figures for the guidance of the Teacher, who 
nun/ be able to draw the necessary Jigures on the board, according 
to his oik U judgement, u ithoul having any copy before him. 

Jf an equilateral triangle is chosen, he may however, if he 
thinks proper, refer to the tuo or three first figures of Problem 
*'0.6, because the method there used, in finding the central point of 
the given triangle, \iil of course also apply to this problem. 

If a square is chosen, he may, in like manner, refer to the first 
figure oj' Problem 27 , which, provided the perpendicular were 
rubbed out, would serve for this problem. 

If a regular polygon (for instance a hexagon) is chosen, he 
may refer to the four first figures in Problem 28 , the method for 
drawing which zdll equally apply to the present problem. 

Having found the central point of your given figure, rub out all 
supciHuous lines, &c. leaving only the given figure and the said 
point. 

r equilateral triangle 

Fiom the central point of your given ' square > as a 

V polygon I 

center, with the distance from this to any of the angular points of 
your figure, as a ladius, describe a ciicle. 

The figures to correspond uith this order will be exactly or 
nearly the same, as the last figures in Problems 17 , 18 , 19 , 20 , 
21 , 22 , 23 nud 24 , to zchich the Teacher may refer, if he thinks 
proper; but this can hardly be necessary, the thing being so very 
simple. 
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PROBLEM XXXI. 

ABOUT A GlVrV ( IRCLE TO DESCRlBr A\ rQlTLATERAf. 

TRIANGLE. 

Draw n riiclc to represent your circle, 

and di\idc tiu' circumference of it into three equal > j 
parts. , 

Through the points marked on the circuniferenre draw three 
tangents, and produce them till tlu‘\ form a tiiaugie. 

TTie mode of finding tangents, as was formerly 
explained to you, is first to draw right lines or 
radii to the center of the circle from the given 
points, and then through these points to draw per¬ 
pendiculars to the above radii. 

Kuh out your radii and the problem is per¬ 
formed ; the triangle which yon have made being 
an equilateral triangle, and being described about 
tlie given circle, as was required. 



PROBI.EM XXXII. 

ABOUT A GIVEN CIHCI.E TO DESCKIBF. A SQUAKF.. 


Draw a circle to represent the given circle; and 
draw two diameters intersecting each otlifr at right 
angles. 



Through the extremities of these two diameters, 
draw four tangents to the circumfere nce, vrhlch must 
of course be made perpendicular to the diameters. 



Rub out your diameters; the four tangents just drawn will form 
a square ; your problem is therefore executed. 
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PROBLEM XXXIIL 

ABOUT A GIVEN CIRCLE TO DESCRIBE A REGULAR 

POL\ GON. 

Draw a circle to represent jour given circle. 

The circumference of the given circle must be divided into as 
many equal parts as the proposed pohgon has sides. 

Let us suppose that it is required to desciibe a regular hexagon 
about the given circle. 

You will in this case di\ide the circumference of 
}our circle into six equal parts. 

Through each point marked on the circumference 
draw a tangent to the curve, and produce these tan¬ 
gents till they meet and form a poljgon. 

Rub out the ladii by means of which you found your tangents. 

Your problem is now performed ; the polygon which you have 
just drawn is a regular poljgon of the nature required; and it is 
described about the given circle. 

Here the Teacher maif cattle the learners to describe some other 
polygons (not hexas^nns) about a given circle. 

Tliis mode of describing a polygon about a given circle, unless 
it is executed with the greatest care, is not likely to prove so accu¬ 
rate, as another method w hich more properly forms a part of men¬ 
suration ; and depends upon a knowledge of the proportion which 
tlie radius of a circle bears to a regular polygon of any kind either 
inscribed within the circle or docribed about it. 
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PROBLEM XXXIV. 


TO MAKE A RECTANGLE SIMILAR Tf> A GIVEN 

RECTANGLE. 

Draw a rectangle to represent the given rectangle. 

The rectangle which \ou are to make, may be required to be 
drawn, either on a larger or smaller scale, than jour given 
rectangle. Tlie rule for dra\\ ing it is tlie same in both cases. 

We shall first draw it on half the scale. 


Draw a right line equal to half the base of y our given rectangle. 


This right line is to be the base of 
yoiur new rectangle. 




From the extremities of your new base raise perpendiculars, 
and make each of tliese perpendicidars half the height of the 
given rectangle. 

These perpendiculars will form the ^-- 

two sides of your new rectangle. j | _j 

Join the extremities of the above-, 

perpendiculars by a right line, which I i-1 

will complete your new rectangle. - ' i 


Your problem is performed. You have drawn a rectangle 
similar to a given rectangle on half the scale. 

Here the Teacher may came the learners to draw some more 
proportional rectangles on different scales^ such as two thirds, £(c. 
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PROBLEM XXXV. 

TO MAKE A TRIANGLE SIMILAR TO A GIVEN 

TRIANGLE. 

Draw a triangle to represent your given triangle. 

Let us suppose that tlic new triangle, which we are to make, is 
to be drav\n on half the scale. 

IlaJf the scale is ifiicn herCj and in some of the following 
problemsj meiehj as an example; therefore the Teacher is not 
hound doTkH to this pioporlioiif but may pitch upon any other 
he thinks properf obsiiviiK^ onhf not to make too great an 
inetjualitif in the scale of the tao JigureSj lest the smaller one 
should be indistimt. 

In this, and in all the following problems, uhich relate to the 
construction of similar figures, he must cause the learners to 
d/aw on as large a stale as their slates Kill couienienily permit. 

Draw a right line equal \ 

to half the base of )Our 

given triangle. __, _ 

Tins right line is to be llie base of }oiir new triangle. 


Take in yoiii eonipasses 
a distance equal to one 
half of the left leg of jour 
given triangle, and with 
this distance as a radius, from the left extremity of your new base, 
as a center, describe an arc above it. 
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From the other extre¬ 
mity of your iicu base, as 
a center, viith a radius 

equal to one half v( tJie __' 

riglit leg of your gi\ en triangle, describe another 
the former. 



\ 

are intersecting 


The point of intersection of these arcs will be the vertex of 
your new triangle. 

Draw right lines from 
tliis point to tlie two ex¬ 
tremities of the base, and 
complete your triangle. 

Your problem is now executed. You have drawn a triangle 
on a smaller scale, similar to your given triangle. 

Rub out your figure. 



ANOTHER METHOD OF PERFORMING THE S\yiK 

PROBLEM. 


I will now teach you another method of drawing proportional 
triangles. 


Draw a triangle to represent your given triangle. 


Draw' also a right line 
for the base of vour new 
triangle, equal to one half 
of tlie base of your given 
triangle. 

At the left extremity 
of your new base, make 
an angle, equal to the 
angle which is formed by 
the base and the left leg of your gl\en triangle. 






REMARKS. 


n 


At tlic other extremity 
of }our new base make 
an angle, equal to the 
angle \\hich is formed by 
the base and the right leg of your given triangle. 

"riie lines whieh you haye just drayyn in order to form the 
aboye angles yyill meet each other in a piunt. 

'^l^his point yyill be the yertex of a neyv triangle of which the 
aboye lines f n the leirs, 

'^I'liis neyv triangle is similar to your given triangle: your problem 
is therefore performed. 



KrMAHkS f)\ PUOBLr.M xwv. 

rpon this problem the art of Land-Surveying is principally 
founded. 

The land-snryeyor measures a long line as a base, on some con- 
yenient ]>Iaee, such as a large heath or common. From one extre¬ 
mity of tins base he takes an angle to some distant object, for 
instanei’ a steeple. From the other extremity of his base he also 
takes an angle to the same object. 

This is generally done by means of ah instrument called a 
theodolite. 

He then lays doyvn the base upon his plan, on a small scale of 
any number of inches to a mile that he thinks proper. From the 
tyvo extremities of the right line which represents his base, he 
draws two other right lines, forming angles equal to those which he 
before measured on the ground, and be produces these lines till 
they meet. These tyvo lines and the base w^ill then form a 
triangle, the vertex of yvhicli shoyvs the point upon the plan 
where the surveyor must mark his steeple : because the small 
triangle, drayvn upon paper, yvill he proportional to the large 
trlan^e, formetl upou the ground, between the two ends of d»e 
measured base and the steeple. 
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Tlius by measuring only one base, a great number of distant 
objects may be laid dow n i orrectly in the map of a country ; for 
a great many angles may be taken at the same time, from the tw o 
ends of the base. 


PROBLEM XXXVI. 


TO MAKE A TRAPEZIUM SIMILAR TO \ GIVEN 

TRAPEZIUM. 


Draw a trapezium to represent your given 
trapenum. j 


\ 


Let us suppose that it is required to make the now trapezium on 
half the scale of your present figure. 

Draw a diagonal which will di\idc your trapezium into two 
triangles. 


Mark that tiiangle, wliich has the same 
base as the trapezium itself, witli a capital A; 
and mark the other triangle with a capital B. 


IJ 


A 




B 


■\ 




By the rule given in 
the last problem draw a , ^ „ 

triangle, similar to the / ^ \ 

triangle A, on half the /_ _ 

scale; and mark this new triangle with a small a. 


Upon that side, of your 
last drawn triangle, w liich 
corresponds w ith the 
diagonal of your given L. 
trapezium, draw a new triangle similar to the triangle B, also on 
half the scale; and mark tliis new triangle with a small b. 
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The two triangles, marked with the small letters b, form a 
new trapezium similar to the given trapezium, on half the scale. 

Rub out the diago¬ 
nals, and tlie superfluous 
letteis; and your prob¬ 
lem is performed. 



PROBLEM XXXVII. 


TO DRAW A FIGURE SIMILAR TO ANY GIVEN RIGHT- 
LINED IRREGULAR FIGURE. 


Draw an irregular figure of any number of sides to represent 
>our given figure. 


We shall for instance draw a 
figure of seven sides, or an irregular 
heptagon. 


Draw as many diagonals as are 
necessary to divide it into triangles. 

Mark these triangles with tlic 
capital letters A, B, C, D, &c. 



Let us suppose that the proposed similar figure is to be drawn 
on half the scale of your given figure. 



Draw a triangle, 
on half the scale, 
similar to that part 
of your given figure, 
which is marked by the letter A: and mark this new 
by a small a. 


triangle 
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Upon tli€ proper / 

side of the small tii- / ^ \ H 

angle a, make an- y / A^\ | ^ 

other triangle, on halt '"'s„_ _.** 

the scale, similai to that pait of \oiii gneu liguu, wliith is marked 
by the letter li 

And mark this new triangle b) a small h. 

The trape 2 inm fornietl b> the two small trianijhs a and b, is 
similar to that part ot )our given tigiiie, which is tornu d hv tlu 
two largei tiiaiigles A and 11. 

Upon the proper 
side of the small 

triangle b, draw an- ' ^ D 

other triangle, on half 
the scale, similai to 

that part of }Oui given figure, which is marked hv the KUir C': 
And mark this new triangle b\ a small t 



1 


i: 


»» 'I 



n 

I 


h /, 




Upon the pioper 
side of the small tri¬ 
angle a, make a tri¬ 
angle, on half the ___ 

scale, similar to that part of jour given figure, which is maiked bj 
the letter D : 

And mark this new tnauglc with a small d. 

Lastly, on the 
proper side of 
your small tri¬ 
angle d, make a 
triangle, on half 

the scale, similar to that part of your given figure, which is marked 
by the letter E: 

And mark this last triangle with a small c. 
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All the triangles in the two figures which are marked with the 
banie letters are similar to each other. 


Rub out diago- I 
nals and superflu¬ 
ous letters. ^ 

Your probhni is pcifoinied, 
to >our given iiTCgiilai light-liiu 



You have drawn a figure similar 
figure. 


PROBLEM XXXVIII. 

TO DR4W A CARVE SIMILAR TO A GIVEN CURVE. 


Draw a curve to repre¬ 
sent your given curve. 



Connect the two extri*- 
initics of your given curve 
by a right line. 



Divide this right line 
into any number of equal 
parts, 8 for instance. 




Mark these paits by the 
numeral figuics, 0, 1, 2, 

3, 4, 5, 6, 7, 8 ; and 
from each point, upon 
your right line, draw per¬ 
pendiculars meeting the given curve. 


6 7 8 



Let ns suppose that the proposed curve is to be dnivm aimflAr 
to your given curve, on half tlie scale. 
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Draw a right line equal to one half of tJie first drawn right line 
in jour present figure. 

Divide tliis new line into eight equal parts: 


And number each of these parts in the same May as }ou did 
those of your funner line. 

0 1 2 3 4 5 6 7 8 012 3 45678 



From each point on your new line 


raise 

drop 


perpendiculars. 


Let the perpendicular, drawn from tlie point 1 on 3 our new line, 
be exactl 3 r half of the perpendicului, uhich is dravMi fiom the point 
marked 1 in your first figure. 

Let the perpendicular, drawn from the point C on \our new line, 
be alsodonc half of the perpendicular, which is drawn from the 
point 2 in 3 our first figure. 

In like manner, let all the perpendiculars drawn from the various 
points on your second line, be exactly half of those perpendiculars, 
which are drawn from the corresponding points in tlie first figure. 


0 1 2 3 4 5 6 78 012345678 



Draw a curved line joining the extremities of all the perpendicu> 
lars of your new figure. 

012345678 

Your problem is performed. You have drawn a curve on half 
die scale similar to jour given curve. 
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REMARKS ON PROBLEM XXXVUI. 

Tills problem is very useful in Surveying, to which it may be 
applied in two dlBerent ways. 

In the first place, it serves for la} ing dow n in a plan the figtire 
of all irregular lines, or objects. 

Supposing for instance that it were required to survey a crooked 
hedge; the land-surveyor would take any two convenient points in 
the hedge, and measure the exact distance between them in a 
straighttdine. He would also, at certain intervals, measure the 
]>ei pendicular distance from tliis line to the opposite parts of the 
crooked hedge. 

He would then draw a right line, on his plan, to represent the 
distance l>etweea die two leading points chosen in the hedge; 
from which, at various parts, he w^ould also draw perpendiculars 
to represent the above-mentioned pei pendiculai distances measured 
upon the ground. 

The right line and perpendiculars, dius laid down upon paper, 
being regularly drawn, on a scale of so many yards or feet to an 
inch as the surveyor thinks proper, and being made to correspond 
exactly with his previous measurements; he has only to join the 
extremities of all these perpendiculars, marked in his plan, by a 
curved line; and he will have an exact representation of die 
hedge, which he was required to surv'ey: because the sniall curve, 
drawn upon paper, will be similar to the large curve formed upon 
the ground by the crooked hedge. 

Secondly: upon this problem, that very usefid and necessary 
art, the art of Levelling, is also principally founded. 

Let us suppose, for instance, that it w'ere ncressaiy' to level 
some hollow irregular ground betw'ecn two hills, such as might be 
represented by the original curve in this problem. 

VOL. I. 6 
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Tile land-surveyor, M’ho was required to perform this operation^ 
would first, by means of his instrumetits, find out two convenient 
points on these hills, that were exactly on the same level, which 
may be represented by the points marked 0 and 8, in your figure. 
The right line in the figure, which connects these points, will 
therefore represent the true level or horizontal line in nature, the 
same as uould be formed, if a string could be stretched quite 
ti^it, and on an exact level, between the points marked on the two 
hills. 1"he suiyeyor would also measure the exact distance between 
these points in a i%ht line. 

He would next ascertain, by means of his levelling instruments, 
how many feet any particular part of the valley Ia\ lovier than 
the two points chosen for his first level. As the difference of 
kdgbt between the hills and the valley would of course vary at 
different parts of the low ground; he would coutinue taking levels, 
at certain intervals, between Uie two above-mentioned points, 
until he had got as many as he judged necessaiy. 

He would then draw' a right line on paper to represent the dis¬ 
tance between his oiiginal points dioseu on the two hills, from 
various parts of which line, he would dtop perpendiculars to repre- 
aent the length of his several levels. 

The above right line and perpendiculars being laid dovm upon 
paper, according to a regular scale of yards or feet, so as to cor¬ 
respond exactly with the surveyor’s previous measurements and 
observations; he has only to join the bottom of all his perpen¬ 
diculars by a curved line. This will give him a correct representa¬ 
tion of the ground which he was required to level; because the 
small curve, thus delineated upon paper, will be similar to the 
laige curve, formed in nature, by the outline of the two hills, and 
of the valley or low ground between them* 

It is by no means necessaiy that a foreman of civil carpenters, 
masons, &c., or a non-commissbned officer in the Royal Engineer 
department should be able to take levels on a great scale, 8uo|| as 
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would be required in forming the plan of a canal, that was to extend 
a considerable number of miles. But it will be Bsefal to you to 
know a little of die art of levelling, in order that you may be able 
to level any spot of ground on which a work or bftfding is pro¬ 
posed to be erected, or to lay out the same according to such slope 
as your officers may direct. 

The simple parts of levelling, to which I now allude, may be 
learned by an intelligent man, in a few days* practice. 

When a finished plan is made, in which any crooked hed^ 
or other irregular object is represented; the right line and perpen¬ 
diculars, by means of which it was originally drawn, must be rubbed 
out as soon as the curve is marked with ink. 

Rub out the right lines and perpendiculars, by means of which 
you drew your new curve in the present figure. 




Two curved lines now only remain, which are similar to each 
other; the smaller curve being on half die scale of the other. 


PROBLEM XXXIX. 

TO DRAW A FIGURE SIMILAR TO A GIVEN CURVE-UNED 

FIGURE. 


Draw a curve-lined figure to. 
represent the given figure. 
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Titeiti Gertain number of points must be marked in the ccnre, 
as many as you judge convenient; and these must be joined by 
lines, which will form an irregular right-lined figure, corre¬ 
sponding inssoroe points with your given figure. 

In our present figure four points 
may be sufficient. Mark Uie cur\'e 
with foin points, and connect these 
points by as many right lines, whicli 
uill form a trapezium. ' 

Let us suppose that the required figure is to be drawn on half 
the scale of our given figure. 

You will first make a trapezium similar to that which you have 
just drawn, on half the scale. 



In )our given figure a part of the curve divides your first trape¬ 
zium into two parts. Mark one of these parts (that which is next 
the base) with a capital A, and the other with a capital B. 

Mark also the remaining parts of your given figure by the 
capital letters C, D, and E. 



Upon the base of your small trapezium, draw a curved line 
similar to the curved line which bounds the figure A in the larg» 
trapezium. This must be done according to the method explained 
ib the last problem. 

This new curved line will divide your nnall tl|g>ezium into two 
parts, which will be similar to the dinuons of your large trape2ium. 
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Mark these parts with the small letters so as to correspond 
with the former. 



On the top of your small trapezium, draw a curved line, similar 
to tliat which bounds the figure D, in the large trapezium. This 
new curve will form a figure above jour small trapezium, similar 
to the figure D. Let this be marked with a small d. 



On the left side of your small trapezium, draw a curve on half 
the ^calc, similar to that w'hich bounds the figure C. 

Tins will form a new figure to the left of your small trapezium, 
similar to C. Let it be marked with a small c. 


On the right side of your small traperium, draw a curve on half 
tlie scale, similar to that which bounds the figure E. 


This will form a new figure similar to the figuie £. Let this be 
marked with a small e. 



All the parts your new figure are similar to the correspond- 
mg parts ol your given figure) on half the scale. 
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out ri^t lines and letters in both figures. 




Your problem is performed. The small curve-lined figure 
which remains is s imilar to your given figure. 

REMARKS UPON THE LAST FIVE PROBLEMS. 

a 

The phm of any thing is nothing more than a figure drawn on 
paper, on a small scale, exactly similar to the figure of tlic real 
object, which it is intended to represent. 

In like manner the model of any thing is merely a solid body on 
a small scale, similar to the real object or solid body, u hich it is 
intended to represent. 

Hence if you understand thoroughly the foregoing problems, 
which teach the mode of drawing figures similar to any kind of 
given figures; you will find no difiiculty in learning eveiy tiling 
else, that may be required in plan-drawing or modelling. 

It is not necessary for foremen of civil artificers, or for non¬ 
commissioned officers in the Royal Engineer department, to know 
any of the higher and more difficult branches of drawing: the 
only thing required is, that they should be able to understand a 
drawing or model of such buildings, works, or machines, as they 
are generally employed in constructing. 

Every one knows, that almost all works of this description are 
Isdd out at right angles; and even in earth-works, where tliere are 
oblique angles in consequence of the slopes, every thing is marked 
by liu^; ItUM* ^ which you 

will be required to 
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the forej^oliig problems ; namely, upon the being able to draw 
parallels and perpendiculars, and to make a triangle similar to a 
given triangle, or a rectangle similar to a given rectangle. 

Although the knowledge of land-surveying is not by any means 
necessary ; it will be useful to you to know' how to take the plan 
of a single field, oi of a small spot of giound, on which it may be 
proposed to erect a work or building. This may be done by simple 
ineasurement, witbouf any of the mathematical instruments used 
b\ land-sur\e}ors. 

If the field is bounded by right lines, draw a rough sketch to 
iej*ics<nt the form of it as near a'* you can guess. This will bean 
II regular right-lined figure. You w-ill next draw as many diagonals 

will be necessary to divide the whole of it into triangles, accord- 
iiur to Piohlem ‘)7. Afterwaids measure all the sides of your 
Iji Id and ail tlie diagonals, and murk down every ineasurement 
lluis found opposite to its coiiespondiiig line in the rough sketch. 

Fioin this rough sketch it will then be easy to make a regular 
•iiul C(j/M'( t plan, by laying down the length of every lino accu- 
i.tUdv upon aiifitlier pn « e of pajier, ac cording to a ’-cale of yaixU 
oi int 

IJctc the Teaduj \iU a ttape'ium 
upott the board. 

Jjct us suppose for instance that [ weic revjiiiicd to take the plan 
of a field, shaped like the trapezium, whicli I have juat drawn on 
the boaid. This trape/ium would then repieseiit the rough sketch 
of the field. 

I would first measure all the iuui sides of 
the field. Supposing that the base proved to 
be 4 7^i yards long: 1 would put down the 
number 17() opfiosile to it. Supposing that 
the left side of the field prove to be 85 yards long: the upper side 
of it to be 97 yaids long ; and the right side of it to be 70 yards 
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loQg: 1 would in like mniiner put down the numbers 63, 97, timi 
70, i^posite to these several sides of the sketch. 

I would tlieu measure a diagonal between ^ ^ 
two opposite angles of tlic field. Supposing 7^ 

that this diagonal proved to be 12.‘> yards I'tG 

long, I w ould draw a line in my rough sketch to represent it; and 
T would mark the number 123 opposite to this line. 


This divides the field, of which I am to draw the plan, into two 
triangles, whose sides are all know'ii, being inaiked by ccitain 
numbers. 


In drawing the finished plan, I should tliciefure oiil) ha\o to 
draw first one triangle, and then another, w hose sides shall be 
equal to given right lines. The length of these riglii lines would 
be found by measuring 170 yards, 85 }ards, and 1.13 \aids, from 
a scale of }ards foi tlic first triangle. The space of 1C3 ^aids aUo 
forms one side of the second triangle. For the two leinaining sith 
of the second triangle, 1 would take 97 }ard«., and 7t) \aid‘>, fioni 
the same scale. Having constructed the two tiiansrles b\ means of 
the above distances, 1 would then ruh out nn diagon.d; and a 
correct plan or representation of the field would jcmaiii. 

If the field, of wiiich it might be requirei! to take a plan, sliould 
be bounded by curved lines, it would be necessary, after iliawing 
a rough sketch of it, to follow the lule laid down in Problem .^9: 
dividing the whole field into portions, which would consist partly 
of right-lined and partly of curVed-lincd figures. Tlie plan of 
the right-lined portions would be taken in the manner just dcscribeil, 
by measuring ail the sides and diagonals necessary : the plan of 
the curved portions of the field would be taken, by measuring right 
iiiies and perpendiculars, in the manner explained in Problem 38. 

All the right lines and perpendiculars being nrarked iipoti tho 
rough sketch, with tlie length of each opposite to it; it will then 
be very e&sy to make a correct plan, by first laying down the above 
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dUensions accurately, according to a scale of yards or feet; after 
Mhich the curve may be drawn, by joining the extremities of all 
the perpendiculars. 

DEF. 84. When there are four lines, and the first b to the 
second in the same proportion, as tlie third is to the fourth; then 
tlie last line is called a fouith proportional to the three former. 

The same holds good in numbers. For instance 1 b to 2 in the 
same proportion as 3 to 6: therefore the number 6 is called a 
fourth proportional to the numbers 1, 2, and 3. 

Write the words PRoroRTiovAi. lines, and fourth pro- 
vniMIONAL. 


PROIU.EM XL. 


■U‘ i rM> A FOURTH PROPOUTION AL TO TlIRGE GIVEX 

1baw a light Hue to rcpiescut the fiist given _ 

ijie, and maik it with the mmilxr 1. ^ 


I'rom cither extremitv of this line, draw anolluT 
ligiit lino forming aiiv angle with it (but an acute 
angle IS best), to icpiescnt the secondgivt'U line; 
and mark tins new Hue with tin- niiinbei i2. 



Piodure the other extremity of vonr 
fust given line, to any distance, and let 
this pioduced pail repie&eiit the tl-iid 
given line. !Maik it with the iminber 3. 



Join the cxtitmities of your fust and 
second given lines by alight line. 
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From the extremit} of vour third gi\en 
tine, draw a parallel to tlir iabt diawii 
line. 



Produce your .second given line until it meets the above par.!!!!!. 


Tlie produced j>art of your second given 

line is tlie fourth proportional requited. 

Mark it with the number 4: and vour 

' •* 

problem is performed. 






RKMVRK 1. 

You have now found a fouith propoitional to the ihrt e give u 
lines, as was requited. 

That is to say; if the line nuuked 1, in yout figuie, is greatci 
than the line marked 2 ; the line marked :i will abo be gi< aU i lliao 
the line market! 4, in the same proportion : 

If the line marked 1 is equal to the line iivarktd 2, the line 
marked 3 will also be equal to the line iiiaiked 4 ; 

But if the line marked 1 is less than the niie marked 2 , the 
line marked 2 will also be less than the hue inuiked 4, in the 
same proportion. 

TAe Teacher uiil make the learners repeat this problem, tausino 
them to draw their second given line in a certain proportion to the 
first, such as one half of it, equal to it, or double of it; tk.ltich 
being done, he will afterwards direct them to measure the piopor- 
tion that the third and fourth lines bear to each other, when the 
problem is performed; which will serve to illustrate the concluding 
remark, and give them a clear notioji of the nature of pro¬ 
portionals. 

REMARK 11. 

In the definition of similar hgures, you will recollect, that it^ 
was observed, that all the corresponding sides of similar 6gures 
are porpoitional to each other. 
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H*!! your present fi^e there are two triangles, namely a laige 

triangle, which is equal to the whole rigore, and a small triangle, 

which has the first and second given lines for two of its sides. 

* 

The small triangle, which forma a part of the large triangle, is 
exactly similar to it; and their corresponding sides are consequently 
proportional. 

It is for this reason that the first and second lines, which form 
two sides of the small triangle, are proportional to fhe third and 
fourth lines, which form part of the corresponding sides of the 
large triangle. 

DEF. 85. When there arc three lines, the first of which is 
to the second, in the same proportion, as the second to the third; 
then tlie last line is said to be a third proportional to the two 
former. 

The same holds good in numbers. For instance 1 is to S, as 3 
is to 9 : therefore the number 9 is called a third proportional to 
the numbers 1 and 3. 

Write the words thirb proportional. 


PROBLEM XLI. 

TO FIND A THIRD PROPORTIONAL TO TWO GIVEN' 

LINES. 

Draw' two right lines forming an angle, to repre¬ 
sent the first and second given lines, to which a 
third proportional is required; and mark these two 
lines with the numbers 1 and S. 



Produce the first given line, on that 
ride whidi is farthest from tlie aitgulw 
’ point; make the produced part equal 



to the second given line; and mark it .with S r, to show that it 


is the second line repeated. 
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Jtm ^ extremities of your first and 
aeciMid given lines by a right line; to 
'wliicb you VI ill draw a parallel, from 
Uie exti'emity of your second line re¬ 
peated. 



Produce your second given line until 
it meets the above parallel, and this pro¬ 
duced part will be the Uiird propor¬ 
tional required. Iilark it with die num¬ 
ber 3. 



If the line marked I in yoiv figure is greater dian the line 
marked 2; the line 2 (or 2 repeated, which is the same thing) 
will also be greater than the line marked S in the same pro¬ 
portion: 

If die line 1 is equal to the line 2; the line 2 will also be 
equal to the line S: 

But if the line 1 is greater than the line 2; the line 2 will also 
be greater than the line 3, in the same proportion. 

Your problem is therefore performed; you have found a third 
proportional to the two given lines. . 

DEF. 86. When three lines are proportional to each other, 
like the lines in this problem; the second line is said to be* a mean 
or middle proportional to the two others. 

Write the words mean pbofortkonal. 


PROBLEM XLIL 

TO FIND A MEAN PROPORTIONAL TO TWO GIVEN LINES. 

Dnw a i%ht line to,represent the first given 
line; and mark it with the number 1. 
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Produce this line to any length> and let this _ • ^ 

produced part represent the second given line: 1. Z 

and mark it with the number Q, 


Upon the w'hole line tluis formed' describe a 
semicircle; the center of which will previously 
be found by bisecting the given line. 



From die common extremity^ of the two given lines, raise a 
perpendicular meetmg the circumference. 


This perpendicular will be a mean propor¬ 
tional to the two given lines. Mark it with 
the letter m. 



Your problem is now performed: For if the line marked I 
is greater than the line marked m; the line marked m wUl be 
greater tlian the line marked 2, in the same proportion: 

If the line 1 is equal to the line m, the line m will be equal tO 
the line 2 : 

And if the line 1 is less than the line m, the line m will be less 
dian the line 2, in the same proportion. 

The line m is consequently a mean proportional between your 
^o given lines, as was required. 


PROBLEM XLIII. 

TO MAKE A SQUARE EQUAL TO A GIVEN RECTANGLE. 

Draw a rectangle to represent the given rectangle. 

In anodier part of your r 

«late, draw a right line I ■■ ^ 

equal to tjne base of your rectangle: 




PRACTICAL GEOMETRY. 


iki 


Piodttce diii line, and 
make Ae produced part , 

equal to die height of your rectangle. 

Find a mean propor¬ 
tional between diese two 
lines, by describing a 
semicircle, 8cc. in the manner explained in last problem. 

Upon this mean pro> 
portional make a square. 




Rub out every thing excepting - 

tins square and the ^ven rectangle. _ _ 

The above square will be equal to the given rectangle; your 
IMToblem is therefore perfonned. 


PROBLEM XLIV. 

TO MAKE A RECTANGLE EQUAL TO A GIVEN TRIANGLE. 

Draw a triangle to represent y/ \ 
the given triangle. X \ or 

Tht Teacher will only use one of the above figures at a time. 

From the vertex of your given triangle drop a perpendicular to 
the base. 

If die vertex of the triaiq^ should oveihang the base, which 
som^ea happens, you must prqlace the base, and drop the 
peipendicttler.to the base produced. 
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Dot this perpendicular. 

If the base should be pro¬ 
duced, dot also the produced 
part of your base. 




Unless the vertex of the triangle, which the Teacher gives as 
an example, should actually overhang; he will not r^d those 
parts of the above instructions, which relate to producing the 
base. 


Draw a right line 
equal to half the \ 

base of your given ^-- » or 

triangle, to represent the base of the proposed rectangle. 



From the two 
extreniiries of this / \ 

line raise perpen- /_-\ OT 

diculars, each equal to the altitude of your given triangle; Mid 
join the top of tiiese perpendiculars by a right line,* which will 
complete a rectangle. 

Your problem is performed: the rectangle, which you have 
just drawn, is equal to the given triangle. 



PROBLEM XLV. 

TO MAKE A triangle EQUAL TO A GIVEN QUADRI¬ 
LATERAL* 

Draw a quadrilateral to represent the given quadrilateral. 

From either extremity of the base draw a ^ 
diagonal across your figure, meeting one of the 
angles at the top of the given Jgure. 
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Frcnn the other angle nt tlie top of your 
giveafigurei draiv a right line pai|||llel to tliis 
diagcmal; and produce tlie base of your 
given figure till it meets the parallel. 

From the extremity of the produced pait 
of the base, draw a dotted line to Uic top of 
the diagonal. 

Rub out the diagonal, and the line which 
was drawn parallel to it to meet tlie ba&e 
produced. 

There now remains your original quadrilateral figure, with its 
base produced, and a dotted liue. 

You may observe, that the base produced, the abo\c dotted 
line, and one of the sides of the gi\en figure, form a triangle. 

This triangle will be equal to the gwen quadrilateral figure: but, 
for the sake of clearness, the two figures ought to be divided. 

On another part of 
your slate you will 
therefore make a new 

tiimigle equal to the above triangle. # 

Rub out the superfluous lines attached to your given figure. 

Your problem is now per¬ 
formed : you have drawn a 
triangle equal to a given 
quadrilateral figure. 

PROBLEM XLVI. 

TO MAKE 4 TRIANGLE EQVAL TO A GIVEN PENTAGON. 

Draw a p^tagon to represent the given pentagon. 
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From the extremities of the base, draw two 
diagonals meeting in an angle at or near the top 
of your figuic. 



From those two angles of your given pen¬ 
tagon, which are immcfliately to the right 
and left of the above angle, draw lines paral¬ 
lel to the two nearest diagonals. 



Produce the base of your given pentagon, 
till it meets the above parallels. 

From that angle of your given figure 
where the diagonals meet, draw two doited 
lines to the extremities of the base pro¬ 
duced. 



These t^vo dotted lines and the base produced form a triangle, 
which will be equal to your given quadrilateral; but it is proper 
that die two figures should be separated. 


On a different 
part of }our slate, 
you will theiefore 
make a new triangle equal to the above trian<^le. 






Rub out the diagonals 
and oUier superfluous 
lines, which weie added 
to your original figure. 




Your problem is now performed ; You have drawn a triangle 
equal to a given pentagon. 

By following the same method, used in this and in the foregoing 
problem, a triangle may be made, equal to any other kind of 
given polygon. 
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PROBLEM XLVII. 

TO MAKE A SQUARE EQUAL TO THE SUM OF TWO 

GIVEN SQUARES. 

Draw two squares to represent your two 
given squares. 


Draw a right line equal to the side of your first given square. 


From one extremity of this right line raise a perpendicular equal 
to the side of your second given square. 


Join the extremities of these 
two right lines by a third right 
line, which will complete a right* 
angled triangle. 

On another part --- 

of your slate dra>\ a 

right line equal in_ 

length to the hypothenuse of the 


— . 

I I 



above triangle. 


Upon the last 
drawn line, as a base, 
make a square* 




t 

This last square will be equal to the sum of the two former 
squares. 

Rub out your j - 1 I | 

fight-angled triangle, 

and your problem is L__ _ _ . 

performed: you have made a square equal to the sum of two* 
givei^ squares. 
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PROBLEM XLVIII. 

^ MAKE A SQUARE EQUAL TO THE DIFFERENCE OP 

TWO GIVEN SQUARES. 

Draw tw'o squares to represent your two 

given squares; observing to make one of - 

them larger than the other; for if they 

were both equal, there could be no dif- I __ 

ference. 


On another part of your 
slate draw a right line equal 
to the side of your largest 
given square; and on this right line, as a diameter, describe a 
semicircle. 




From one extremity of 
the diameter, as a center, 
with a radius equal to die 
side of your smallest given square, make an intersection upon die 
semicircumference. 

From the above point of 
intersection, draw two right 
lines to the extremities of 
the diameter. These will form two chords, one of which will be 
equal to the side of your smallest given square. 

Mark this with a point. 

On another part - 

of your slate, draw 

a right line equal - 1 - 

to the second chord, which is not marked. 

Upon this new line, as a base, make a square* 

II 2 
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Rub out tlie 
point, which was 
made to distin¬ 
guish one of tljc chords; and rub out also tlie circumference of 
your semicircle. 

There now remain three squares, and a right-angled- triangle, 
which has its three sides equal to the sides of the above squares. 



Rub out the 
triangle. 




The last drawn square will be equal to the diffi?rence of }our 
two given squares : that is to say tire largest of your two gi\eiv 
squares is equal to the smallest of the two given squares, and to 
Uie third square put together. 

Consequently your problem is performed. 

DEF. 87. When any solid body is cut right in two, the 
figure of that part, which is cut, is called a section. 

W I he lire word section. 


For instance, if any b jam or spar of wood is sawed right across, 
so as to cut it into two pieces; observe either of these pieces, and 
the new end of it, that is to say, the end whicli has been formed 
by tUe -jaw, will be a section of the original timber. , 

If the oi iglnul piece of timber was a squared beam, the section of 
it when cut across wril therefore be a square or a re<‘tanglc; but if 
it was a mast or spar, the section of it will either be a circle, or 
some curved figure lescmbltng a circle. 

In order to ilhi&trate the above definitiont the Teacher will 
have two email pieces of ttood, one shaped like a beam, the other 
like a s^tar, uhich must be made so aa to separate into smaller 
pieces^ formim* various sections. 
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Tlie section of a solid body may )be taken in any direction, not 
only across, but lengthwise; not only perpendicular or parallel to 
the base, or to any of the sides or ends of the body; but oblique 
to them: so that these various sections of the same body may 
have very different figures. 

All the sections of any body are, however, supposed to be plane 
superficies; that is to say, the body is supposed to be cut straight 
through, not in an irregular maiuier. 

In speaking of the sections of any solid body, it is therefore 
usually said that the body has been cut by a plane in a certain 
direction. 

The sections of a cone are more useful in geometry', than those 
of any other solid. 

Write the words sections of a cone or conic sections. 

The Teacher uill provide himself mlk Ziooden cotter cut in 
various directions, in order to Ulus!rate the following definitions. 

When a cone is cut by a plane passing through the vertex, and 
.my part of the base, the section formed will be a triangle. 

^\'heIl a cone is cut by a plane parallel to the base; the section 

ill be a circle. 

The triangle and circle, although they may be formed by cutting 
the cone, are not however usually understood uhen the term conic 
section is mentioned. 

Tlie term conic section is therefore, strictly speaking, only 
applied to the following figures. 

DEV, 88. When a cone is cut obliquely through both sides 
of it, tlie section is an ellipse. 

This figure is also sometimes, but improperly, called an oval.* 

; I -- ... „ 

* Some writers use the word ellipsis in preference to ellipse. 
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Write die words ellipse. 

DEF. 8p. When a cone is cut by a plane parallel to one of its 
vd^, the section is called a parabola. 

Write the word pababola. 

The vertex of a conic section is the point, where the cutting 
plana meets the side of the cone. 

As the ellipse cuts both sides of tlie cone, it has two vertices. 

Write the vertices of an ellipse. 

As the parabola cuts only one side of the cone, it has but one 
vertex. 

Write THE VERTEX OF A PARABOLA. 


The Teacher will draw a figure re- 
sembhng an ellipse on the board. 

The figure which I have just drawn represents an ellipse. I 
will afterwards show you the method of making a regular one. 
Ill the niean time this rough sketch will serve to explain the 
definirions. 



I will now mark the vertices 
ellipse by two points. 


of 


my 



Draw each of you a figure to represent an ellipse; and mark 
points for ^e vertices^of it, in the same manner as I have done. 

DEF. 90. A right line drawn between the two vertices of an 
ellipse is called die transverse axis. 
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Write the words transverse axis. 


Draw the transverse axis of your ellipse; 
and mark the middle of it by a point. 



The middle point of the transverse axis is the center of the 
ellipse. 

Any line drawn through the center of an ellipse and meeting 
tlie curve on both sides is called a diameter. 

The diameters of an ellipse are not all equal like those of the 
circle, but a.e of different lengths. 

The transver^ axis of an ellipse is the longest diameter. 

DEF. 91- The shortest diameter of an ellipse is called the 
conjugate axis. 

Draw a diameter, or right line passing 
through the center of your ellipse, per- 
peiidirular to the transverse axis. This 
will be the shortest diameter, or conju¬ 
gate axis. 



Write the words conjugate axis. 


Rub out your conjugate axis. 



DEF, 92. An ordinate to any diameter is a line drawn paral¬ 
lel to a tangent, m hich passes through die extremity of that diameter. 
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Dnw a tangent pas'.ing through either 
vertex of your elTIp'*e, wl’ich consequently 
will also pass lliiougli one extremity of 
the transverse axis. 

'From any points in the transverse axis, 
draw lines parallel to this tangent, meet¬ 
ing the cur\e on eitlier side. 

These last drawn lines arc called ordinates to the transverse 
axis. 

AH the ordinates of the transverse axis are perpendicular to it, 
because the tangents at its extremity are perpendiculars; hut in 
any of the oblicjiic diameters the ordinates would not be jierpi'ii- 
dicul.irs; because tlie tangents at their extremities would not be at 
right angles to them. 



Here the Teacher Zi iU draw an^ 
other ellipse, with an oblirjne diame¬ 
ter, tangent and ordinate, in order 
to illustrate the above obsenation. 




y 


Observe tliis new ellipse which I have just drawn. It has an 
oblique diameter tlie tangent to which is not at right angles to it. 
Consequently its ordinates, which by die definition must alwavs be 
parallel to the tangent, cannot be perpendicular to the diameter. 

‘ The Teacher will rub out this figure, leaving the former one. 


Rub out the tangents of your ellipses, 
and also one of your ordinates. 
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DEF. 93. Any part of the diameter of a conic section ter- ^ 
minated by the curve is called an absebs. * . " 

Write the word absciss. 

For instance your present figure represents an ellipse, wth its 
transverse axis or longest diameter, and one ordinate. 

I'liis ordinate divides the transverse axis into two parts, winch 
aio called abscisses. 


Rub out your ordinate and draw- the 
conjugate axis once more. 

If a number of d<^ible ordin ates are drawn any where between 
the conjugate axis and the vertex; the largest of tiiem will be a 
litth‘ less than the conjn<;ute axis, and they will diminish gradually 
from that si^e till they come to nothing at the vertex. 

T/fc 7'cficlirr Tiif/ tlrazc some double ordinates to explain thh^ 
Zihich be rc'ill a fterxi'ards rub out. 

'Ihe transvDse axis being greater than the conjugate axis; as 
the liansverse axis is to the conjugate, so will the conjugate axis 
be to some other line vviiich mi:st be smaller than the conjugate. 
This line will of course be a tliird proportional to the transverse 
and conjugate axes. 

As the double ordinates of the ellipse are all of different lengths 
diminishing gradually from the length of the conjugate axis to 
nothing ; two of them must nccessar.ly be third proportionals to 
the tiaii'iveise and conjugate axes; namely, one on one side, and 
aiiotlier 011 the otlier side of the center of the ellipse. 

Draw two double ordinates to rapresent 
tlie above tliird propoitionals. 
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DSF* 94. A third proportional to the transverse and con- 
ji^te axis, is called a parameter. 

Consequently the two double ordinates which you have just 
4nivn are the tw'o parameters of your ellipse. 

Write the words pakameters of an ellipse. 

DEF. 95 . The point, where either of the two parameters 
intersects the transverse axis, is called ajfocus; and in speaking 
of both these points together, they are called the two foci. 

Write the words focus of an ellipse. 

Write also the two foci of an ellipse. 

Rdb out your figures. 

I will now draw you a sketch of a 
parabola; which you will copy as 
accurately as you can. 



Mark the vertex of your parabola 
by a point. 






Draw the transverse axis of ^qur 
parabola, fiiat is to say firom the 
above point or vertex draw a light 
line dividing the figure into two equal 
parts, which will consequently be 
equally distant from the curve on 
each side. 
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The ordinates of the parabola, like those of the ellipse, are 
perpendiculars drawn from any point in a diameter meeting the 
curve on either side. 


Draw a couple of ordinates to the 
transverse axis of your parabola. 



That part of the transverse axis, which is comprehended between 
the vertex and any of the ordinates, is called an absciss to diat 
ordinate. 

Ill short the same terms are a[)plied to the parabola as to the 
ellipse: only that the parabola not being a complete figure like tha 
ellipse,^ it has but one vertex, as was before observed ; and, in a 
parabola, there is no fixed length to the transverse axis or to the 
two sides of the curve. 

There is also this further difference, that every ordinate in an 
ellipse has two abscisses, whereas tlie ordinates in the parabola 
have only one absciss. 

DEF. 96. When a cone is cut by a plane passing through the 
base and one side of it, in a direction not parallel to the opposite 
side, but oblique to it, and in such a manner, that the cutting plane 
and the opposite side, if produced, w'ould meet some where above 
the veitcx of the cone ; the section is called a hypeibola. 

Write the word hyperbola. 

'The Teacher will produce a cone cut in this manner, and bj 
means of a couple of rulers, one laid to the side of the cone, the 
other to tlie section, so as to meet in some point above the vertex, 
he will be able to illustrate the above definition. 

The two rulers must be applied to that piece of the cone only 
which has the vertex complete, tiie other piece being previously 
removed. 
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REMARKS UPON CONIC SECTIONS. 

The hyperbola is a hgiure which has never been applied to any 
mechanical purpose^ we shall therefore take no furtlter notice of 
it; but the ellipse and parabola have been found very useful in tlie 
arts. 

The ellipse being a very elegant figure is often used by archi¬ 
tects and mechanics for ornaments in buildings or furniture. 

TTie arches of bridges have also frequently been made in the 
form of a half ellipse. The arches of Blackfriars-bridge for 
instance are elliptical. 

Tlie parabola has also been considered a very good figure for 
arches. All the arches of die new casemates at Dover arc para¬ 
bolical. 

I will therefore teach you the method of drawing die ellipse, 
and the parabola, as you probably may, hereafter, bave occasion 
to see these figures used. 


PROBLEM XLIX. 

TO DESCRIBE AN ELLIPSE WHOSE TRANSVERSE AND 
CONJUGATE AXES ARE OF A GIVEN LENGTH. 

METHOD 1. By means of a string or diread. 

Draw two right lines of unequal lengths, 

perpendiculai' to each other, and bisecting --- 

jmch other. 

Let the longest of die above right lines represent the given 
transverse axis, and let the shortest of them represent the i^'en 
coiyugate axis, Qf your proposed ellipse. 



THE ELLIPSE. 
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From the top of the conjugate axis, with 
a radius equal to one half of your trans- 
veise axis, describe an arc, intersecting 
the transverse axis iu two points. 



Rub out tlie whole of the arc, excepting the above two points 
of intersection j these will be tlie two foci of your proposed ellipse. 


From the top of the conjugate axis, 
draw two right lines to the foci of your 
ellipse; and let these tw o lines be 
dotted. 



The remainder of this problem cannot be performed upon 
slates; you w’lll theiefore pay attention to the manner in which I 
shall proceed upon the board. 

Into the tw’o foci of my proposed ellipse I shall first drive n 
couple of pins or nails. 

Here the Teacher zeiU drive tao pins or nails into the foci 
of his Jiifure. 

To these two nails I shall next fasten the hvo ends of a string 
or thread, which must be exactly equal in length to tlie two 
dotted lines ; that is to sav, when the thread.is stretched as much 
as possi])le tiom the two foci or fixed points, the ndddle of it shall 
just reach the top of tire conjugate axis. 

The Teacher will fasten the thread accordingly^ 

I shall next apply a piece of chalk (or 
pencil) to the inside of the thread; and 
keeping the thread always stretched as 
much as possible, 1 shall move the chalk 
(or pencil) quite round. 




110 


PRACTICAL GEOMETRY. 


Tk§ two dotted lines in this ^'gure, as nas before explained^ 
represent the original position oj the thread: the two foci^ or lower 
extrmities of them, rqtresent the points where the two pins or nails 
are driven, to whnh the ends of the thread are afternards jixed. 
The angular point at top, where the dotted lines meet, repre¬ 
sents the original spot where the piece of chalk (or pencil) was 
first placed; and the curve, which is drawn in this figure, but 
does not appear in the former ones, represents the curve, nhich 
would be formed bjf the Teacher in moving his piece of chalk (or 
pencil) all round, in the manner above directed. 


PROBLEM XLIX. 

TO DESCRIBE AN ELLIPSE, WHOSE TR V\S\ ERSE AND 
CONJUGATE AXES ARE OF A G1\EN LENGTH. 

METHOD 2 . By means of intersecting arcs. 

Grew two right lines of unequal lengths 
perpendicular to each otlier, and bisecting 
each other, to represent the given trans* 
sene and conjugate axes. 


With half the transverse axis as a radius, from th 
conjugate axis as a center, make two iiitersecti* 
transverse axis. 


These two points will be the foci of 
jour required ellipse: mark them with 
the letters F, f, making one a capital let¬ 
ter, and the other a small letter. 

In addition to the two foci, mark anj 
mimber of other points, four for in¬ 
stance, on the transverse axb; and num¬ 
ber them by the figures 1, 3, 4. 


-A_ 
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Each of these points will divide the transverse aids into two 
unequal parts. 

With that part of the transverse axis, 
which is to the left of the point 1, as a 
radkis, from the left focus, as a center, 
describe small arcs both above and below 
the transverse. 

With that part of the transverse axis 
which is to the right of the point 1, as a 
radius, from the right focus, as a center, 
describe two small arcs, also above and 
below the transverse, intersecting the 
tw'o former arcs; and mark the points of intersection thus founds 
by tlie figures 1 and 1, to show that they are connected with the 
point 1 in the transverse axis. 

With that part of tfie transverse axis, which is to the left of 
the point 2, as a radius, from the left focus, as a center, describe 
two small arcs both above and below the transverse. 

With that part of the transverse axis 
which is to the right of the point 2, as a 
radius, from the right focus, as a center, 
describe two small arcs intersecting the 
two last drawn arcs ; and mark the two 
last intersections thus found, by the numbers 2 and 2, to show that 
they are connected with the point 2 in the transverse axis. 

Widi diat part of the transverse axis, which is to the left of the 
point 3, as a rachus, from the left focus, as a center, describe 
ercs both above and below the transvene aads; 
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Wi^ ihat part of the tiansverse axis, 
wludi is to Uie right of Uie point 3, as a 
ladiua, from the right focus, as a center, 
desGiibe two arcs intersecting the two 
la p* drawn aics ; and mark, the points of 
intersection thus found by the figures 3 and 3, to show that they 
are connected w ith the point 3 in the transverse axis. 

With that part of the transverse axis which is to the left of the 
point 4, as a radius, from the letl focus, as a centci, describe tno 
arcs both above and below the tiansverse axis. 



/ 


/\ 


A 


\4 


4 - 
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With that part of die transverse axis 
which is to the right of the point 4, as 
a radius, from the right focus, as a 
center, describe two arcs intei vet ting 
the tW'O last drawn an s * and mark the 
points of intersection thus found In ifie figures 4 and 4, to show 
dmt they are connected with the point 4 in the transverse axis. 

The various intersections of tlie above pairs of small arcs, or of 
any other number of iiitersccUng arcs, described in the same 
manner, will all coincide with the curve of your rrquiied ellipse. 


You will therefore draw a curved 
hne, to connect the extremities of the 
two given axes, and the various points 
of intersection of )Our present figure. 



REMARK. 

All the points of intersection, found in this manner, being true 
poi^ in the circumference of the ellipse; and the remaining part 
of the curve being only sjcetched by the eye, it must be evident 
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diat the accuracy of this problem will <le|>eBd entirely upon the 
number of parts, into which your transverse axis is originally 
divided. 

In executing this problem, for the first time, I have only made 
you mark four points upon your transverse axis, because four 
points are as good as a thousand to explain the principle of this 
operation to persons of clear understanding; but in a laijge ellipse, 
four points would not produce intersections sufficiently near to 
each other, to enable you to draw the curve truly: six would be 
better; eight or ten would be better still; and in short the greater 
the number of points onginally chosen, and the greater the tiunv* 
ber of intersecting arcs found, the more accurately may the curve 
be described. 

In repeating this problem, the Teacher will cause the learners 
to mark more points than four on their transverse axis; which he 
will direct them to draw of such a length, that the ellipse, when 
flushed, may be as large as the size of their instruments will conve^ 
niently permit. The nundter of points marked must he such as 
to produce intersections near each other, 

i 

When more points than four are used, efter the learners have 
finished the intersecting arcs marked 4 and 4, according to the 
directions above given ; the Teacher will repeat the same orders 
that were applied to the first four points, applying them in like 
manner to the remaining points, 5, 6, Src. until he has gone 
through the whole number (f points marked on the transverse axis. 

Each of these orders commences thus: ** With that part of the 
transverse axis which is to the left,” &c. Slc." and consists of two 
paragraphs. • 

When the interseciioHs corresponding to the whole cf the points 
marked on the transverse axis are found^ he wilNhen read the 
concluding paragraph cf Hm problem, as abooe, which commeaoes 
witb these words : ** You will therefore draw a cunred line to con* 
nec^ &,c. &c.** 

vox.. 1 . 


1 
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iim « done, the Teacher uill give the fallowing orders i 

Rub out superfluous arcs, letters, and numeral figures, leaving 
only die curve and the two given axes. 

Your problem is performed. You have, by means of iuteisect- 
ing arcs, described an ellipae, whose transverse and conjugate axes 
M'ere given. 

PROBLEM XLIX. 

TO DESCRIBE AN BLUPSE, WHOSE TRANSVERSE AND 
CONJUGATE AXES ARE OF A GIVEN LENG'iH. 

METHOD 3. By means of intersecting lines. 

Draw two right lines of unequal 
lengths, perpendicular to each other and 

biseedng each other, to represent the --- - - 

given transverse and conjugate axes of 
your proposed ellipse. 

Divide the transverse axis into any even number of equal parts, 
six for instance, and number them regularly, both to the right and 
lefi^ widi die numeral figures 0,1, and S; commendug from tlie 
center, where die iGgure 0 is to he marked. 


From the extremities of the transverse 
axis, raise two perpendiculars each equal 


... * 

to cm half of die eot^ugate axis in < 

A 3k s ^ 

» 1. & 0 

leiigdt. 

«. t 

« 

1 


IHvida *4adi of tbhse peypendinuliiif into the aatitp number of 
equal paris^ #s Aere are dtvidous ht ^^dier half of your transverse* 
axis, whi4i id dm pposent msta&tie witt be^ three. 
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Number ibese parts regularly, on 
each perpendicular, with the numeral 
hgures, 0, 1, % and 3, placing the 
hgiiic O on that point which is most 
distant front transverse axis. 




t'rom every point on these two per¬ 
pendiculars, evcepting the extreme 
points, draw oblique lines to the 
nearest extremity of the conjugate 
axis. 

From die contrary extremity of die conjugate axis, draw oblique 
lines through the points marked 1 and 1 on the transverse axis; 
and produce them, till they meet those two of the former oblique 
lines, which were drawn from the corresponding points, that is to 
say from the points also marked 1 and 1, on the two perpen¬ 
diculars. ^ 



The points of intersection, thus 
found, will be<4me points in the cir- 
cuhiference of the required elKpse. 
You will therefore mark them with 
small eircles in order to distinguish 
them. 




_ ' V 

From the same extremity of the e 
coiyugate ails, Iasi used, vWW tn like 
manner, two oblique llUes diroulgh the 
points marked ^ and 2 on dm transverse 
/ixis; and produce these lineS} till duty 
meet those two^of the fothier otdiqhe 
luie^, which were draw^n from the correspotsdihS pondib that is m 
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ftom llie points also marked £ and £, on the two perpen- 
<&adaf8. Hie points of inter8ectioii» thus found, will also be true 
pmnts in the circumference; mark them accordingly by two small 
circles. 

You have now found aa many points of intersection for the 
semiciicuinference of your required dlipse, as it is possible to 
obtain, from the nundier of parts mto which your transverse axis 
is at present dividecL 

Connect ail the points of mtersec- 
don, which you have just found, with 
die nearest extremi^ of die conjugate 
axis, and widi die two extremities of 
die tmnsvene axhi, by a curved Une. 

f k 

Rub out die two perpendiculara 
and ad the oblique hues, leaving only 
die curve, die two given axe <S|{pdtbe 
points marked the transverse 

axis. 



f 



Yonr half ellipse is now comjdcto. The other half of it 
remains to bo drawn, to ndiich exaedy the same roodiod will 
apply: indeed, both the half<ellipm8 might have been drawn at 
^ once, only that too gnrat a number of oblique lines Interwotk^ 
cadi other wouhi have rendered your figure very coiadiiaed. 

iRrom the extremides. Of your transverse ads, drop two 
IvOrpemBculsrs, each eq«^ fo one half of the conpigate axis 
.in 
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Number these parts regularly, on each perpendicular, with the 
numeral figures 0, 1,2, and 3 ; placing the fignre 0 on that point 
which 18 most distant from the transverse axib« 


From every point on these two per¬ 
pendiculars, excepting the extreme 
points, draw oblique lines to the 
neatest extremity of the conjugate 
axis. 



From the con'traiy extremity of the conjugate axis, draw also 
oblique lines through the points marked 1 and 1, 2 and 2, on the 
transverse axis; and let these be produced|^ until they each 
respectively meet one of the foimer oblique bnes, which were 
dravin from the corresponding points 1 and 1, 2 and 2, on the two 
perpendiculars. 


Mark all these points of inters^tion 
by small circles: they will be true 
points in the unfinished part of the 
circumference of your ellipse,. 



Connect afl die points of urterseedan 
thus found with the nearest extremity of 
the coiyugate, and with the two mitre- 
mities of the tranirverse axi^ by a curved 
line. 



The carve, which yon have just drown , wSI be the ciicnos* 
ference of the remaining half of youf eOipse. 
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, Itlib out superfluous lines, xiiiiDieral 
&c. lu.iMiig only this and die 
fonner cune, and the two given axes. 



Your problem is now'fHUrformed: you have, by means of intcr-t 
sectiiig lines, descried an ellipsei whose transverse and conjugate 
a\c» were given. ^ 


REMARK. 


The same remark will here apply, which was made upon the 
last method of describing an ellipse. The ]nierf><‘cUous fuund, 
whether by means of right lines or by means of airs, aie true 
points in the circumfeaence; but all the other paits of the curve 
which are sketched by hand, between any two pomt<., must be 
liable to error; conseqtieotly the accuracy of the operation in 
fldB mediod, as in the fonncrjll'must entirely depend upon the 
number of points Jl^inally marked upon your transverse axis. 

The greater the number pf egtnd parts you pitch upon, so much 
the greater number of points of intersection will you be able to 
obtain, winds |rdl consec|ueitt]^ become nearer to each other in 
the same proportion; and these intersections being all true points 
in tibe ctreumference, whenever the distance between them is very 
small, the curve nmy be toaced with great accuracy. 

Scarcely any dirve except the circle can be r^ularly described 
£rom a center; but dia« are various’meUiodi of Snding true 
points in,any kind of curve,; sonteUmea by means of pcrpendicu- 
bus in the dtemier used in problem S9, in drawing similar curves; 
soinedmes by n^CMis of intersecting fU[C| of lines; acQordbg to the 
ipethods used in d^^ptobjem^ 
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In all these eases the same rale holds good; you may, by taking 
more pains, 6nd as haany tiue points in your required curve as you 
pleasi ; and by so doing, you may bring tbdso poims to within the 
distance of a hair's breadth from each other, if you think proper; 
80 that, in aftervvaids drawing the outline of the cmhlO idirough them, 
it will be almost im[>ossible to go wrong. 

Keep this remark in mind. It w31 not a^^iin fb^ally 
re[)cattd, although it may hereafter apply to some of our succeed¬ 
ing Relations. 

The Teacher rtill cause the leamerSf in repeating this method of 
descnbing an ellipse^ to do it on as large a stale as their ^ates 
uill coineinenthf permitf directing them also to commence by 
diiiding their transverse axes into more equal jparts than six. 

In that case, mi reading the nine ^rst paragraphs of this 
prohleWf he wilt make s,uch variations in those passages, which 
relate to the numbers of equal parts, as may he necessary. 

Jfter Ae has read the ninth j^agraph, and earned the learners 
to draw their oblique lines thr^^k the marked 2 and Q, 

on the transverse axis, according to the ^iredions therein given; 
he will repeat the same 6rder cantaihed in that paragraph as often 
as may he nectary. With this d^er&We only, that instead of unng 
the number 2, he will successively use the numbers 3, 4, 5, 
until, by this process, he has made the learners draw oblique lines 
through all the points marked upon their transverse axk. 

ft 

When this is done, He Will go on with the next paragraph, 
commencing thus: ** Yon have now found^ many points of 
intersection,** ; from whence he will proceed regularly, 

until the problem is finished* 

It wail before explamed to you that a semicircle means a half 
cirde; and that the semicmiumferesiice meatis the hidf ebeum- 
ference, ' 
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lii likfi nunuier; a hak* ellipse i$ often called a semi>ellipse. 

Write the words semi-ellip$e or half-ellipse. 

The half of the trans\erse axis of an ellipse is also often called 
€he semi-transverse. 

Write the words SEMi-TRANsvrRSE. 

And half of the conjugate axis of an ellipse is also often called 
the semiStonjugide. 

Write the words semi-con iro \te. 

In short, whenever the teim semi is (mt before any other term, 
it linpltes one half of the latt^. 


PROBLEM L. 

ANY ORDINATE TO THE AXIS OF A PARABOLA, AND ITS 
ABSCISS, BEING GIVEN, TO DRAW THE CURVE. 

METHOD 1* ^ To draw a parabola, by means of intersecting 
arcs. 

Draw a light Hue to represent f^en ordinate. — - 

From ^faer dattremity of it, die left for instance, 
raise a perpcn^culir to represent the given ab¬ 
sciss of yoor fMOpoeed parabola; that is to ^y, a 
part of the axis bounded by die xrertex. 


i 

^Bisect die *giveii ordinate; end ftom the middle 
pomt dtaw^an obliqtie line to the top of dm ab¬ 
sciss. or to thd iUfkm of your proposed pandfola. 



THE PJIIUBOLA. 

From the same pomt, that is to say, finom die 
middle of your ordinate, draw a perpendicular to 
die oblique line; and let this peipendicular mUet 
the absciss produced. 

V 

From the vertex of your proposed parabola,. set olf a distance 
upon the absciss equal to the produced part of the s|||||||yDd at 
tliat distance mark a point with a small circle round itmius will 
be dS focus of your proposed parabola. 

Produce your given ordinate to an equal length on the contrary 
side of the axis : it will dien be a double ordinate. 

Di\ide the given absciss into any number of equal parts, five 
for instance. 

Mark these parts by die numeral figures 1, 2, S, 4, and 5, com- 
mencmg from the vertex. 


m 



V 


Draw right lines through each |>oint 
of division parallel to your double 
ordinate. . 



Produce the axis upwards by 
a dotted line, and mark a [iioint, 
on the axis produced, as much 
above the vertex, as the focus of 
your proposed parabpla is be¬ 
low it. 



i 

From this point the whole of the for describing your 
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small intersecting arcs, will be measured; but the arcs themselves 
must all be described from the focus. 


Measure the distance from the 
point abo\e the vci tex, to the point 
on the ab'iiss marked ], and with 
this distance ns a radius, from the 
focus, as a center, describe small 
arcs, i^iPpiectiDg the line which 
passes through the point 1, in two 
places. 

% 

Measure the distance from the 
point above the vertex, to tht point 
on die absciss marked 2, and with 
this distance as a radius, from the 
focus, as a center, describe small 
arcs, iutersecting the line which 
was drawn through the point 2, in 





tw'o places. 


Measure the distance from the point above the vertex, to the 
point on die absciss marked 3, and with this distance an a radius, 
from the focus, as a center, describe small ai'cs, intersecting tiic 
line which passes through the posnt 3, in two places. 

Measure the distance from the 
po'mt above the vertex, to the 
point on the absciss marked 4, 
and with this distance as a radius, 
from the foc us, as a center, de¬ 
scribe small arcs, intersecting the 
line which passes lluough die 
point 4, is two places. 

All the points of intersection, thus fomMr points in 

the curve of your fe^uinid parabola. 
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Connect all the above p<»nts of 
intersection, the verteji, and the 
extreniitles of the double ordi¬ 
nate, by a curved line. 


Rub out ail superfluous lines, 
arcs, &c. leaving only yotf^ given 
abscite, the doublo oidinate, and 
the curve, which you have just 
drawn. 

"b our problem is performed. The curve which you have just 
drawn is the parabola required. 

In ronstiiicting a parabolic arch; the breadth of the arch 
\vt>uld be represented by the double oidinate, the height of it would 
be represented by the absciss; and Uie form of the arch itself would 
be lepresented by the curve in your present flgure. In cases, 
where parabolic arches have been used, the height of the arch has 
generally been made equal to half the breadth. 

R'EMARKS ON THE PARABOLA. 

In a parabola, tlie outline of flgure is very mucli curved near 
the vertex ; whilst it is so very little curved at its lower extremities, 
that any small potion of that pai-t of the curve almost approaches 
to a right line; as you may observe by examining your present 
figures. 

The method, which 1 have just taught you, explains the general 
piinciple upon which any number of true points may be found in 
tlie parabolic curve. But it was not absolutely necessary tliat the 
points originally marked upon the given absciss, by means of which 
the intersections or true points 'Were afterwards found, should have 
|j^en fit an equal distance irom each other. 
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On fbe contrary, by reason d the wiatioir ib the form of the 
curve, at different parts, which iuftd hcl^ mentioned; it is de> 
airable that the points on the abeciat be marked closer to 

each other, near the vertex, ffian at wpy Other part. 


That you may understand diis more clearly, we shall follow this 
new inctliod of dividing thi abscis^ in performing our ptesent 
problem a second tune. 

Hub out ymir figures. 


In drawing your new figures let diem be as large, as the 
size of your instruments will conveniently permit; and let the 
lines, which you are about to thaw, for your given ordinate and 
absciss, be nearly equal. 

Here the Teacher will go back to the C( 0 nmencement of the 
problem; and proceed as there directed, until he comes to the 
seventh paragraph, which relates to the divisions of the absciss: in¬ 
stead of reading that paragraph, he will then continue as follows. 


Divide the given absciss into eight equal parts: 

Subdivide die first divisioa of it whidh is nearest to the vertex 
into four equal parts: 

Subdivide the second divinpfi^um the vertex into three equal 
parts: 


And subdivide die third division from the vertex into two ^equal 
parts. ^ 

Your absciss is now divided into 14 onequitl parts. Mark these 
parts by the numeral figures 1, 3,4, &c* &c. commencing from 

the vertex. 

Here the Tocher will go back to the former, part of the prob¬ 
lem, and will begin at the paragraph commencing thus: ** Draw 
right lines through each point of division,** &c* efier which he will 
continue until he has seen the leafners deseribe their small ares 
intersecting the line mhick passes through the point 4. 
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He mil then the muai 0 tder peragroph, commencing 
mth the words " Meatiiie the dirtance from the point above the 
vertex,” &c. as many times as may be necessaryf observing only, 
in place of the numbers I, 2, 3, and 4, to siAstiMe successively 
the numbers 5, 6, 7, 8, 9, bic. until, by this process, he has made 
the learners intersect all the lines which are drawn through the 
%ever^ points marked on the absciss. 

«■ 

When this is done, he^11 proceed with the paragraph com^ 
mencing thus: ** All the’^ints of intersection thus found will be 
true points,” &c. and with the three follcrooing paragraphs, which 
st,ill complete the figure. 


PROBLEM L. 

ANY ORDINATE TO THE AXIS OF A PARABOLA, AND ITS 
ABSCISS, BEING GIVEN, TO DRAW THE CURVE. 

METHOD 2. To draw a parabola by means of intersecting 
lines. 

Draw a right line to represent the given ordinate. 

From either extremi^ of .it raise a pcapendiciilar to represent 
the given absciss: 

And convert your giyen Otj^jjjjpKte 
into a double ordinate, by producing 
it to an equal length, on die other 
side of tbo absJHh* 



Divide each of your ordinates 
mto any number Sf equal parts, four 
for instance; and mark them regu¬ 
larly, both to the ri^t m^d left, by 
the numeral figures 1, 2, 3, ai^ 4; 
commencing from the center, inhere 
you will plac« die figure 0. 
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From the extremities of the dtMtble ordinate,.raise perpendiculars 
equal to the absciss; each of which perpendicular mu^ after¬ 
wards be divided into tlie same number of parts, and in the same 
proportion, as jour ordinate; commencing from Uie top. 

In the present case, as you di- q 
Tided 1 our ordinate into four equal ^ 
parts, you must divide each of ^ 
your perpendiculars also into four ^ 
equal ports; and number them 

from the top don nwards witli the * 3!;10123 4 

numbers 1, 2, 3, and 4, placing the figure 0 at the top. 



From the various points marked 
on the ordinates, draw right lines, 
parallel to the absciss or axis of 
your proposed parabola. 




3 1 





From the pointe marked Tand 1, on your perpendiculars, draw 
•blique lines in the direcUon of die vertex or top of your absciss; 
and produce these oblique lines, imtil tliey respectively meet die 
correspouding lhi», which werelttrawn from the pomts 1 and I, 
on your double ordinate. 

* 

, * 

It is not necessaiyr to produce q 
diese oblique lines birther, after ^ 
they meet the lines with which 
diey correspond; you will, how¬ 
ever, produce your two present ^ 
oblique lines as far as the vertex, * 
and dot them; in order that 1 mgy see, whedter you Iwve drawn 
difm in the proper direction. 








prom the pointe marked 2 ao^l Q 
2f oil your perpeudiculars^ draw ^ 
oblique lines in the direction of the 
vertev; and produce these oblique 
Liiet. until they respectively meet ^ 
the corresponding lines, which 4 32 10123 

were draw ii from tlie points 2 and 2, on your double ordinate 

From the points marked^ and q 1 L 

on }Oui peipeiidicuiars, draw 

oblique lines in the direction of the ^ ^ 

icitev, and produce these oblique 

lines, until they lespectively meet _ 

the coi responding lines, which 4 3210123 
weie diawii from the points 3 and 3, on your double ordmate. 


If there rvere more divisions than four, on each perpendicular 
and ordinate , the Teat her nouid repeat the last order, or para- 
giaph, as oJUn as mnrht he necessary; observing only in plate of 
the number J, to use successively the numbers 4, 5, 6, &;c. until he 
had made the learners complete their oblique lines as far as the 
last division, but oi^, on timr perpendiculars. 


The aiders, which have been already read, are sufficient for 
the present example', the Tea/^r will therefore proceed, as 
follotk.s. 

All die above points, where the vaiious oblique lines respectively 
meet their conesponding lines, drawn froiii the divisions of the 
double ordinate, are true points in the curve oi your required 
parabola. 

V 

You will tlTeiefore connect all o 
tlie above points, die veAev or j 
top of your given absciss, and the ^ 
eKti-emitii^' of your double ordin 3 
nate, by a curved lin^. 
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Rub out ffm tufo perp^ndicttUvBr 
your oblique lines, and other 
flocme lines and nttittend figtnos^ 
leaving oiil> the our\e, jkw ' 

iia«e just drawn, the doubk ortihutte, 
and Its absciss. 


Your problem is |ieclbvfned. The curve, which you have just 
drawn, by means of )iifej^|B die parabola requured. 

REMARiC. 

The same remark will here apply which t lamde at the ronclusion 
of the last method of executing this ]|(irobtet]i. 



i|K Ofdiiiate and votir 
} if Ijity art 


It is not by any means necessat]^ 
tw'o perpendiculars should be dividi 
divided m the same proportion. 

On the contrary it will be On advantage to^ihvide them unequally, 
porovided it is done in aqichm mamier, that the true points, which are 
afterwards found desc^in^A^Oi^fve. ms^ stand closer to each 
other near the vertex uf 


;tr tins may he 


I shall proceed to explain td y 
done to advantime- 



Rob out your %nres. 

* ^ 

You are i«Ow to perf^Hi-exactly the same opetations, only that 
are shall cominAoe u greater oumhef ^ dSmsknis; you will 
tberefcH-e mtilm yout new ftgurea as large aa your alates can convex 
oieilXly hold. 

. ^ * 

Jlent ihe Teaehtr will go hoch to Ihe cowateoccwefit of this 
method ^ drawing a fmdMaz mhm^he etmefi^ lU part 
respectmg the divisions of the oodUnohm, oi/d0^tM learners 

fd detdde theit ordinates into ft eptai parts, instettii o/* four; and 
# pletce the ff^re ti in the center. 



THE PARi4BOLA. 




He will then proceed as follows* 

Subdivide the first division of each of your ordinates, commencing 
from the center, into four equal parts: 

Subdivide the second division of each of your ordinates into 
thi ee equal parts: 

jlVtid subdivide the third division of each of your ordinates into 
tuo equal parts. 

Number the unequal paifs, into which each of your ordinate^ is 
now divided, right and left, commencing from the center, by the 
niiineial figures 1, 2, 3, 8cc. as far as 14, placing the figure 0 in the 
center. 

Fiom the extremities of your double ordinate raise two perpen- 
diculuis, each of which must be made equal to the absciss. 

Divide each of your two perpendiculars into eight equal parts. 

Subdivide the upper division of each of your perpendiculars into 
four equal parts: 

Siil>divide the second division of each of your perpendiculars, 
reckoning from tiic top, into three equ|d paits: 

i^nd subdivide the third division of each of your perpendiculars, 
reckoning from the top, into tw'o equal parts. 

Ntimbei the various unequal parts into whicii your perpendicu¬ 
lars have thus been divided, by the uumeial figures I, 2, 3, &c. as 
far as 14, commencing from the top of each perpendicular, where 
you will place the figure 0. ' 

Your ordinates and perpendiculars are now divided into the same 
number of unequal parts and in the same proportion, with a view 
to obtain more intersecting lines or true points, in that part of the , 
curve of your proposed parabola, whkh will be near the vertex, 
than in any other ^part of the curve. 
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Having made this observation, the Teacher mil go back to that 
paragpapk of the present method of detcribing a parabola, which 
commences thus: “ From the various points marked on the ordi¬ 
nates, draw right lines/’ Re. and uill go on regularly from 
theneCy directing the learners to execute that, and the subsequent 
operations, until they finish the problem. 

Rub out your figures. 

Having before had occasion to obsei^e, that arches are generally 
built in the form of some one or other of the vanous curves, the 
nature of which has now been explained to you; 1 shall heie 
introduce three problems, calculated to give you a notion of tlie 
simplest methods, usually followed in planning out arches. 

These riiall be called Supplementary Problems; because tlio\ 
do not belong to pure Geometry, but only show the manner, iii 
which Geometry may be applied to the above branch of the art ol 
building. 

The breadth of an arch is called the span. 

Write the words span of an arch. 

Hie height of an arch is called die rise. 

Write the words rise of an arch. 

A 

An arch in the form of a semicircle is called a semicircular 

« 

arch. 

Write the words semicircular arch. 

We riiall begin with tins kind of arch first, it being in very 
common use* and one of the sannlest. 
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SUPPLEMENTARY PROBLEM I. 

TO DRAW A SCAIICIRCULAR ARCH OF A GIVEN SPAN. 

Drau a light line to repre!>ent the given span 
of }oui arch. 

In a semicir( nlar arch, thi^ rise of the arch must of course be 
equal to half the span. 

Upon this line destribe a semicircle to repre- 
Mtnt the lo^^cr pait of the arch: and mark tlie 
tenter ol the semicircle. 

'I’he tircunifeience of this semicircle should next be divided into 
any nuinbei of odd parts, for instance into 5, 7, 9, H, IS, &c. 
atcoidiiig to the proposed number of arch stones; which would of 
course depend pai tly upen the magnitude of your arch, and partly 
upon the dimensions which you might think proper to give to the 
stones. 

Let us suppose tlie present arch to be 
one, so that nine arch stones would do. 

>our semiciicle theiefore into nine equal 

From the center of your semicircle 
draw radii through the above points to 
show the joints of the arch stones; pro¬ 
ducing the extremities of your diameter 
for the same reason. 

From die center of your semicircle, 
with a longer radius, describe another 
semicircle, to show the top of the arch 
stones. 


a small 
Divide ^ 
parts. L ___) 
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Dot the diameter of \our firnt 6cmi> 
circle, and nib out all the superfluous 
radii. 



There now remains a semicircular arch, of whuh the dotted line 
shows llu span, consisting of nine aich stoues, the middle and 
iippeiinost of which represents the kc} stone. 

lliis rule is alviaNs used in drawing the under part of the auh, 
and die joiiib of the aidi stones: but it is nut necessui) that ail 
the arch stones, in an} arch, should be exact!} of the same length 
or depth, m ever} part, as is repitseiitod in this figure. 

If die arch stones were of diffeiint lengths, it will of ionise be 
understood, that the outline of the top ot them would not foiin a 
semicircle, but some other curxe, or some im gulai i ight-liiu d ligiiu. 

The numbei of arch stones is alwa}s made odd, in oidei that 
diere may be a regular kes-stone at the to[) of tlw' arch. If the 
number of arch stones in tius arch for instance had been eight, oi 
any other cxeii number, iu place of nine; then, insUad of liaMiig 
a regular ke}-stone at die top of the arch, theie would oul} lui\t 
been a joint between two stones, which is not approved. 

Write the words key-stone or an arch. 

The vertex of any curve used in an arch is called die crown of 
the arch. 

Write the words cbown or an arch. 

Sometimes an arch is formed by describing an arc of a circ le 
less than a semicircle. 

t 

In this case the rise of the arch will necessarily be less than 
half the span. 
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An arch of this kind is usually called a segment of a circle, and 
it takes its name from tlic number of degrees, or parts of a circle, 
which the arc of the segment contains. 

For instance, in talking of an arch of this kind, it may be said 
such an arch is a segment of 90 degrees; or it is a segment of 
ICiO degrees, &c. 

The manner of dividing a circle into degrees will hereafter be 
<‘N)>)aincd : in the mean time wo shall proceed nith our arches. 

Wiite the word segment-aiicii. 


SUPPLEAIENTAllY PROBLEM II. 


JO DRAW A SEGMENT-ARCH OF A GIVEN SPAN 

AND RISE. 


Draw a right line to represent the given i 

from the middle of which you will --1— 

I aise a perpendicular shorter than one half of it, to represent the 
given rise. 


Through the three following given points, 
nauK'i), the top of the perpendicular, and 
the two extremities of tlie span, describe 
the arc of a circle. 


This arc will represent the lower part of 



your segment-arch. 


Dot the perpendicular which represents 
the rise of your arch; anti rub out all the 
superfluous lines, &c. by means of which 
your arc was dravvn, but leave the center 
Iroin wheiH’c it w'as described. 
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Divide the arc into any odd num¬ 
ber of equal part&, for instance nine, 
to diow the bottom of the arch stones. 



From the center of your arc, draw 
right lines through these points, to 
show the direction of the joints of the 
arch stones. 




From the same center, with a 
radius longer dian that of your pre¬ 
sent arc, draw a new arc meeting 
the two extreme or outermost right 
hues. 

This new arc will show the form of the top of the arch stones, 
when they arc all of equal thickness. 

' Rub out superfluous radii; dot your 
span ; and the form of a complete 
segment-arch will remain: conse¬ 
quently your problem is performed. 

It is to be observed, that the upper course of the two side walls 
or pillars which support an arch of this kind, most be cut with a 
bevel or skewback, to suit the form of the two extreme or outci- 
most arch stones. 


c 






In a bridge consisting o/ several arches, the wall or pillar, which 

is between two arches, and helps to support both, is called a pier. 

* 

Rut the two end piers of a bridge are calhtd abutments, to distin¬ 
guish tliem from the others. 

Write the words PIERS and abutments of a bridge. 
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The same teims also apply to the middle and end walls which 
support the arches of a range of casemates in a fortified place; 
such as are to be seen at Chatham and other garrisons. 

Segment arches, such as you have just drawn, are in veiy com¬ 
mon use: the whole of the arches in the new casemates at 
Gibraltar, for instance, have been built in this form. 

They arc much more suitable for a biidge tlian semicircular 
arches; because a segment-arch may be made a great deal lower 
tiiaii a semicircular arch of the same span, which prevents the 
necessity of raising the road over the bridge to an inconvenient 
height. Or if we suppose the segment arches and the semichv 
rular arches to be planned exactly of the same height; then by 
increasing the span of your segments, you may fonn the bridge 
with much fewer arches, tlian if you used semicircles. Thus in a 
bi idge composed of segment-arches you may save some masoniy, 
and there will be less obstruction to the current of the river. Con¬ 
sequently a bridge of this kind w'ill be less liable to be carried away 
by hoods, than a bridge built w'ith semicircular arches. 

Tlic same advantages may be obtained by using any other kind 
of arch whoso rise is less than half tlic span, as for instance an 
elliptical arch. 

Many engineers prefer an elliptical arch to a segment-arch of 
the same span and rise; partly because they think au elliptical 
an h strongci ; and partly because they consider an ellipse a more 
beautiful figure than any arc of a circle. 

Instead of using a regular ellipse, which is a very troublesome 
figure, it has been more common, in practice, to fuim arches by 
means of seveial cirenhur segments described from various centers, 
and joined together in such a inanncr as to compose one continued 
curve resembling an ellipse. 

A figure of this kind, which is not a legular ellipse, but very 
much resembles it, is called an o>al. 
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Write tlieiivords OVAL on figure resembling an ellipse. 

And the arch itself, Mhich has just been alluded to, being com¬ 
posed or com|>oiiiided of several segment-art lies put together, 
may, from its nature, be called a compound arch. 

Write the words compound arch. 

Before we proceed to the method of drawing a compound artli 
rescinbliug an ellipse ; I must fust teach von to destiibc the kind 
of curve which will be necessai}. 

There are various methods of drawing an oval. The more arcs 
that are employed in the circumference of an oval, or the griatcr 
the number of centers which are used in describing the curve, the 
more nearly may it be made to approach to the figure of a i cgular 
ellipse. 

The method, which I shall now explain to \ou, is one of the 
simplest in common use; four centers onl) being ret|uiied, vxhich 
is tlie smallest number by which an oval can be described. 


PROBLEIM LI. 

BY MEANS OF FOUR CENTERS, TO DESCRIBE AN OVAl,. 
WHOSE TRANSVERSE AM) CONJIOATE AXES ARE OF 
A GIVEN LENGTH. 

In the succeeding prohlenif the tery same operations here used 
in respect to an oval rcUi be applied to an arch, with this d[f~ 
ference; that uherever the reord transverse oris is here usedj the 
span of the arch uill be understood in the nejtt problem; where 
half the conjugate axis is here used, the rise of the arch will be 
understood in the next problem : and wher^the term oval ts here 
usedf the arch will be understood in the next problem. 

The Teacher has brfore him, in the following paragraphs, 



OVALS. 


m 

orders equally suited to this problenif or to the comnienceTnent of 
the next; he Ti illy thereforCf in reading the samCf select those words 
onlyy which apply to that particular problem which he wishes to 
teach. 

Those words or directionsy which apply to the present problemy 
will alwai/s be placed either above or before the corresponding 
words or diretdonSy tehich apply to the next problem. 

Draw a riglit line to represent the 

( traiis\erse axis. 

"iveiK 

® arch. 

Draw a perpendicular 
shorter than the I’oriner line, 
and let it and the former line 
inutiially bisect each tUher. 

'I’his perpendicular will re¬ 
present the gi\cii conjugate 
axis. 


Bisect it, and from the mid< 
die point raise a perpendicular 
shorter than half the line, to re¬ 
present the given rise of yonr 
arch. ‘ 

Produce the rise of your arch 
downwards to an equal length. 



From eitlicr exlrcinitv, for instance from the right extremity, 

- , i traiisvei.se axis > . ... . 

of the -J ^ , S raise a perpendicular equal to 

span of your arch 3 

, ^ semiconjiigale. 

I rise of your arch. 
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Bisect this perpendicular, and from the middle of it draw an 

f conjugate axis, 
oblique line to tlie top of tlie < , 

^ tnseof your arch. 


From the top of the perpendicular, 

draw a second oblique line to the bot- 

. . C conjugate axis, 
tom of the < . 

(.nse of yoiu arch produced. 



This second oblique line mIH of course intersect the formei 
oblique line. 

Rub out the whole of this second oblique line, excepting tiu 
above point of mtersection. 


Bisect that part of the former oblique hue, which is contained 

between thb point and the top of thef | 

C use of )oiir arc h j 

from the point of bisection, draw a peipendicular downwards to 

• A 1 Ccouiugatc axis, 
intefaect the ; . 

^rise of ^our arch produced. 


Sometimes it will be impossible for 
these lines to meet without being further 
produced. In that case you will produce 


the do„„. 

C.nse of your arch further 3 

wards. 



Mark the point of intersection by a small ciicle, to denote 
dial it is to be one of tlie centers for describing a part of the 

oval. 

compound arch. 


curve of your proposed 
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lliiM point :>ha]] be called the low er center. 


From tlie lov%er center, draw a right 

line to the top of the perpuidicular, and 

mark, iii like niaiiiicr, tlic point wheie 

. , C transvei sc axis }. 

this line cuts the ( . , <by 

Cspan of ;your arch 3 

a small circle. 



of >our pionosed^ ^ , 

( compound arch. 

From ils position it shall be called Uic right center. 

Take the distaiue bet\»cen the light center, and the middle of 

, ttraiisvtist avis > • 

lilt V in xoin tom passes; and mark a point, 

C span ot voar aich > ' 

at an equal distance irom the middle, on the contrary side of 

( traiisveise avis. 

llie ’ f , 

^ span ot >oui alt n. 


'ilns point will be a tliird ceutci fui desciibing a part of the 

Coval. 

tui\e of voni pioposcd ! 

( t ompound aui). 

Alaik It also bv a small circle; and let it be called the left 
(enlei 

» 

Fioni the lowtr cciittr of >our 
iiguu, thaw a right line through the 
left (fiitei, and produce it upwards 
about as lai as the last chawn line* 



T/te foflazcwg dncetions appitf only to the required oval, whiek 
Janui the suhjeit of the prchenf problem. 
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When the compound anh is to be drozvth the Teacher, after 
having ga/ie thus far, tiif/, thaefore, proceed to the next prob- 
Um ; and continue giung the further directions therein contained. 


Take the distance between tlic lower center, and the middle of 
the conjugate axis, in your compasses; and set off an equal dis¬ 
tance frotn llic middle, on tlie coiitraiy side of _\our ct)njugate 
axis, or conjugate axis produced, if necessar}. 


Mark this new' point also w ith a small 
circle: it will be the fouith or upper 
center of your required o\al. 



From your upper centei, diaw tw<) 
oblique lines through the light and left 
centers. 



From your upper centei, with a radius exti'iiding as far as the 
bottom of the conjiigati* axis, describe an ai c ; ami let this arc be 
bounded b\ the two lines, whuh were diawn from the same point 
through }our right and left centers. 



. This arc will be a part of the curve 
of youi required oval. 
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Fioin your right and left centers, 
with a mdins extending from each as 
far as the nearest extremity of jour 
transverse axis, describe arcs tmlvvards; 
and lot them be lK>unded by the two 
paiib of hues, which weie drawn through 
till* same resjxclive points, fioin tlie 
upper and lower centers. 

Tho'-c two new aics will also he a part of the curve of your 
lequiiid tigure; and if jou have perfortned tlie above operations 
arciiialelv, tlu v will ctiiiu ide with the former arc, hi such a man- 
nei, lliat the tlnce togetlier will foim one continued curved line. 

jour lower center, with a 
radius ( \t» ndm" a- far as the t(>[) of the 
lonjinrate axis, (Usoihe an aic; and 
ht tins me be bounded bv the two 
ohlicjiie lines, which were drawn fiom 
the same point, thioi.gh the right and 
left cenl« rs. 

I'his last clesciibed arc will also he a pait of the curve of your 
icquiied hgnre; and if your ojieialmns have been performed 
acLiiratelv, its exlumilies will exactly coincide with die nearest 
extreinitii s of the two former arcs, which were described from the 
right and left centers ; in such a manner that all the four ai’cs put 
together will form one continued curve-lined figure; which, as 
JOU mav perceive, is exactly like an ellipse. 


4 ' 




Rub out all su|>eifluou$ lines, &c. 
leaving nothing except your two given 
axes, and the above foui arcs. 
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Yout* problem is now perfonncd. You have, by means of four 
centeia, described an o\al, or figure resembling an ellipse, whose 
coigiigate and traniiu'r$(> axes were of a given lengtli. 

I shall next proceed to explain to you the metliod in which this 
problem mav be applied to liie art of building aielies. 


SUPPLEMENTARY PROBLEM III. 

BY MEANS OF THREE rrA'TI.RS, TO DR\\\ \ COVUHH M) 
ARCH, OF A OIM<:\ SP VN \\D RISE, Ki:SEMUEl\0 \N 
ELLIPSE. 

• 

This problem is peiformed h> exactly the same rule asllie ! ivt, 
observing that the span of the aicli, lu tliLs jnolilem, will coi- 
respond with tlie guen transveise uxi'i in the former; and tin ii^e 
of the arch, in tliis problem, will corn-hpond with the upper sciiii- 
conjugate axis in the fonner problem.* 

In this problem, three centtrs onh art* retpiired, tlH-ie being 
sufficient to describe the upper half of die «»j 1, which of couist* 
forms a complete arch. 

Having made this preliminary observationf the Teacher kiU 
go back to the commencement of the last problem, and give such 
pari uf the directions therein contained as apply to the object of 
this. He will stop at the particular place, in that problem, 
where he finds himself directed so to do; from whence he uill 
immediately return to the present part of the book, and will 
proceed as follows. 


• In the figures for this problem, it has been judged convenient, to mako 
-the proportifHi between the span and rise of Ibc arch, different from that 
which die transverse axis and tlie scmi-oonjiigate bear tt> each other, in the 
last problem. Consequently, atthough the figures in botii arc drawn exactly 
by same rule, the curve of the arch in this problem is not equal and 
rimilar to the half oval of the fonner problem; whirli would have been the 
case, if tbe above-mentioned proportions had been equaL 
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Rub out the perpendicular, the bi¬ 
secting line, and diat oblique line, 
which was drawn from the top of the 
rise of your arch. 



From your low er center, with a radius 
extending as far as the top of the rise of 
>our arch, describe an arc i which must 
be bounded by tile two oblique lines 
that were draw'ii fioni the same point. 



Fioni the right and left centers, 
with a radius extending from each as 
fai as the nearest extremity of the 
span, desciibe arcs outwards, each of 
w iii('h must b(' bounded by one of the 
oblique lines on one side, and by the nearest extremity of the 
span, on the other. 

1 f the former part of )*our operations has been performed accu- 
lately, the three arcs which you have just described, will coincide; 
in such a manner as to form one continued curve, resembling the 
semicircumference of an ellipse. 

Thb curve will represent tlic outline of your required compound 
arch. 

Dot the rise of your arch; and rub 
out the produced part of the same line. 

You must next consider what will be tlie most convenient 
dimensions for your arch stones; after which you will divide your 
curve accordingly. 
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Let us suppose that oin pieseiil arch is latlior a small one, so 
tiiat nine arch stones uould be eiiougii for the upper segment of it; 
you will, theiefoie, <1i\kIc the aic of your upper segment, that is to 
say, the arc ninth was described from the lowei teiitei, into nine 
equal parts. 

It willnext be uece'»>arv to mark the arch stones of tlie two 
sinaJlti segments. The\ ought to be c\a^ll^, or as ncailv as 
possible, of the same M/e those of llu* uppei segment, m 
order that die whole ai<h mav ha\e a r(gulai and haiidsoiiie 
appearance; but it is ol no conseqncnre, whelhei the niimbtr 
of arch stones in ea( h ol tlu sinallei segounls is odd oi e\«a. 

Divide each of the two smaller 
segments into anv comement iiumbrr 
of equal paits, no matter wlielliei odd 
Ol even; but Itt them be equal, or 
nearly equal, to the lurmer divisions 
of )Our upper segments. 

a 

In my figure, which I have drawn upon the board, I found 
(Here the Teaiher a/// name '^ome /iumhet, xJinh has pnned most 
comenientf Jor ni<ifauce) thiecto be a (onvenuiit nuinlKi ol equal 
parts for each of mv small aics; and havt divided them ukouI- 
ingly: but, as it is not likely that }our figiucs should have been 
drawn exactly similar to mine, }ou an not obliged to follow my 
example m choosing the same number of iqual parts, but may 
divide your small aics m any otlur propoition, which you tiimk 
will agree belter vv ith the general rule just laid dow n. 

Each of the thr<‘e segments forming your compound arch, must 
next be completed udividually; in the same manner, as if it were 
s separate segmcnt-aich, imconnected with the others. You will 
dierefore proceed as follow's. 
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From each of your three cen¬ 
ters, draw riglit lines through the 
points marked on their respective 
arcs, in order to show the joints 
of the arch stones; and produce 
the extremities of the span for 
the same purpose. 

I'roni cacli of the three centers of ^our figure, with longer 

radii than \\ ere used in describing the former arcs, three new arcs 

; 

must next be described parallel to the former, and bounded by 
the same lines which bounded the former. 

T..et these new' radii be of such a length, that the three new 
arcs, like the former, shall coincide so as to form one continued 
cur\e. 



Ciioose radii, and describe 
arcs accordingly. 



Rub out all the right lines 
which are drawn from your 
three centers to tlie lower 
cune: rub out also your three 
centers: and dot the span of your arch. 

Your problem is now performed. You have, by means of three 
centers, drawn a compound arch, of a given span and rise, resem¬ 
bling an ellipse. 

VOL. I. f 
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REMARKS ON TIIL SI PPLE^MENTARY PROBLEMS. 

I 

A foolish notion gcnerall) pi cvuils amongst >oiiiig beginners in 
Geometry, befoie they are suihciently adyaiuecl to l>e able to see 
the olyect of what tliey are learning, lliey aie often apt to fanc>, 
that the definitions are merely an usele.ss stiing of hard woids 
without meaning, and that even most of tlie piobiems arc hkcK 

to be of httie or no scrxice to them. 

* 

It was with a view to piexent you fium being imshd by sinii 
erroneous notions,<r that the altuye Uiiee .supplementary piobiems 
were introduced. They may stryi* merely as one i-vample, out of 
a thousand others, which 1 might have selecled, m oidi i to illus¬ 
trate the great and o\tensivc utility of Piartieal (ieomelry. 'Tins 
example must be convincing to any peison of good undeistaiiciing. 

Every one will allow, lli.it there is si arcely any pe ifoiinani i of 
mechanical skill, which is mote nsiful to the pnhlie, mote < loi^ant 
in its appearance, or which iet|nnes gii .itei knowledge and in"(- 
nuity to plan and csecute well, than n tine bridge over some gie.it 
river; such as Blackfriais and We^tinin^ter bridges, foi instance, 
over the river Tliames at London. 

Yet, as far as regards the aiches of such grand woiks, they an- 
generally diawii accoiding to the above simple imtliods, which yon 
have just leanied. And fiom the advantage of having gone thiough 
this course, you would find it equallv easy to understand the plan of 
the centering oi frame-work of any gieat arch ; or the plan of the 
roof of a first-rate building. Foi Geometry, as I said before, is 
not merely useful in one branch of the mechanical aits; hut 
applies equally to them all: so iniic]i so, that nothing can be 
' done witliout it. 

It is true that there are many very mgeuious artificers and mecha¬ 
nics, as I before obseived, who may be capable of executing difli- 
cult pieces of work ; without having learned even the most common 
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rteiinhions in Geometry. But all the knowledge of such men being 
derived solely from practice; whenever their own experience stops 
short, they must generally come to a stand. On the contrary, a 
mail, who has learned Geometiy regularly, according to good, 
principles, will be able to comprehend the plans and descriptionfr 
of works, which he may never have had it in his power to see; 
so that he can profit not only By his own practice cm* experience, 
hilt by that of others * and in eonscquence of his superior know.* 
ledufe, he may even undeistand the nature of such works much 
bett<‘r than ignorant persons, who may actually have assisted in 
Jlie (•\e( ution of them. 

With resp( (t to the various operations, in the foregoing prob¬ 
lems, now that ytui have done them, you must allow that they are 
sufriv it ntly simple : hut perhaps you may conceive, that a man 
might understand and be able to perforin the whole of the practical 
Opelations, which you have hitherto gone through, without having 
hcen obliged to learn so many definitions. This is perfectly true. 
I could have taugiit you the same problems with half the number of 
defiiutioiis; but then this would have been a very great drawback 
from your furtlier improvement. Even if you knew every problem 
quite perfect, you could never turn your practical knowledge to 
jiroper advantage, unless you also knew the definitions, which are 
the regular terms of the art; liecaiise, without them, yon would not 
be able to understand the most easy and common books on geo¬ 
metry and mechanics; in which these terms are constantly used. 

Any person, in short, who knows liie pioblems but not the 
definitions, may be compaicd to a man of some knowledge, 
turned adrift in a foreign country, vv ithout understanding the lan¬ 
guage. In such a case, it is evident that his knowdedge would be 
of very little use to him, for he could neither explain himself to 
others, nor derive any benefit from dieir instructions. In like 
manner, the definitions are the language of Geometry; and must 
be learned. 

1 , 'Z 
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A principal object of the svstem^ upon which tliis course is 
conducted, Is to discover such amongst you, as have shown most 
attention; and vvhicli can only be done by the method of taking 
places, and b\ having examinations from time to time. But let no 
man despair because he sees otheis more ready in their answers, or 
because he hnds himself unable to get to tlie head of a seat. 

There are various degrees of ability. Some excel in one thing, 
others in another; but in every branch, diligence and perseverance 
will lead to certain improvement. And although those who learn 
slowly labour under some disadvantages at lirst; it often happen«<, 
that they not only become as perfect in the end, a.s o!iiers vv Ijo 
make greater progress at the first outset; but that tliev even retain 
the knowledge which they have acquiied much longer. 

The remark, which I shall now make, will apply to the whole of 
you. I am sensible, that it will be difficult, indeed, almost impose 
sible, for anv of you to remember off' hand all the definitions and 
problems. You aie not, however, to stiffer voui.selves to be dis¬ 
couraged on that account. You may easily conceive, that no 
man, however learned, or however well he may uiideistand any 
subject, can carry the whole of his knowledge in his head. He 
must have his books and luemorandums to refer to, without wiiieli 
he can no more give an immediate answer upon eveiy question, 
that he may have studied, than a carpenter can vvuik without his 
tools. For instance, the clergyman cannot always go tliiough his 
sermon w’ordfor word, exactly as he wrote it, without occasionally 
looking at his notes. The same holds good in Geometry, as well 
as in every thing else. 

It is therefore by no means necessary or expected of you, that 
“ you should always and constantly be able to pci form the whole of 
tlie problems, or to answei to all the definitions, which you have 
gone through. It will be perfectly .sufficient, if you can recall 
them to your recollection, aud understaiui them, uii looking into 
some book of Geometry, when you find occasion. 
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I shall rtow remind you of an observation which I before made. 
Although 1 consider it essential that you should go through the 
whole of this course regularly; in order that you may be able to 
improve yourselves by having recourse to useful books hereafter; 
and also tliat you may be equal to the execution of any of the more 
intricate and difhcult operations, which may sometimes occur in 
the Royal Engineer department; yet, generally speaking, the 
plans of those works in which you arc most likely to be employed, 
may be drawn according to some few of the very simplest of the 
pioblems you have learned, which no man who has gone through 
this course is likcK e\er to forsel. 

Having made these remarks, which 1 recommend to your serious 
attention, I shall now pioceed to tiach \ou tlie method of making 
scales of ^aliou3 kiiuh 


PRO]’>LEM LII. 

TO MAKE IM.ANE SCALES. 

EXAMPLE 1 . To make a scale of one foot to an inch. 

ft 7 pUI he understood that the figures of' seafes, herein given, 
not being oj the proper size to correspond zeith their respective 
titles, arc merelj/ intended to guide the Teacher. 

Draw a right line, and set off one inch ele\en times upon it: or 
} 0 u may draw a right line ele\en inches long, and divide it into 
eleven equal parts, which is the same thing. 

In order to make the points of division more conspicuous, 
raise ''small perpendiculars from each of them, and also from the 
two extremities of the line. 

I-1_I_I_I_I_I_I_ » 1 t 1 
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Tliis right line is to be your ^seale; and according to the given 
proportion, each of the equal parts into which it is divided will 
of oowse represent tnie foot. 

tJnder the left extremity of your line, place the numeral figure 
1; and fiom thence, under each point of divUiou, place succes¬ 
sively tlie figures 0, 1,2, 3, 4, 5, &c. as far as 10. 

I i _I-1_!_1_1_ [ ___ / _ I _ ■ - - ' 

101 23456789 lo 

Subdivide the left division into twelve equal parts to lepresent 
inches; and let every third subdivision be marked by raising a 
small perpendicular, whilst tlie oUieis must be maiked by point'* 
only. 

In addition to its small perpendicular, Itt llie middle subdivision 
of the whole, also, have two dots over it, to lender it moic con¬ 
spicuous. 

Illlltnihll _ 1 _ 1 r ^ _1_I_ > I_ 1 1 I 

10 12 3 1 .') <> 7 8 9 10 

Over your right line, write, in small letters, tlie words scale 
OF ONE FOOT TO AN INCH. 

Scale of one foot to an inch. 

l..> _5 _I __1. ._i_1_I_1_1_1_I 

10123456789 10 

Your problem is performed. You have made a scale of one 
foot to an inch, as was required. 

Sometimes, in a finished plan, the length of a plane scale is 
marked with a double line; and the lower line of the two is made 
thicker than the other. This makes the scale look rather, hand¬ 
somer ; but is of little use in any other respect. 

1 will show you bow this is done. 
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Here the Teacher will complete his scaUy according to the 
method jvst described^ 


1 0 


1 


Scale of one foot to an inch. 

1 1.I - ■{ - 1 ■■■• i f . ■ I 

2 ii * 5 6 7 8 9 10 


REMARKS ON EXAMPLE I. 

By the scale wliirh jou have just drav\’ii, you may measure any 
number of feet and inches, not exceeding eleven feet, by one 
opening of your compasses. 

This is done by placing the right leg of >our compasses on that 
point of tlu* large divisions, which coiTespoiids with the number of 
fVet requiied. If tliore aie no inches spccitied, then the left leg of 
\oiir rompas‘«es must be extenilcd as far as the point marked w'ith 
the figure (). 

For instuiiee, in measuring five feet, 1 would place llic right 
leg of my compasses on the point 5, and the other leg on the 
point 0. 

JJut if there arc any number of inches aUo to be measured, in 
addition to a specified number of feet; tlicn, as far as regards the 
feet, the same rule w'ill be follow ed in placing tlie right leg of the 
compasses; but the other leg must be extended beyond the point 
0, until it comprehends’ as many of tlte subdivisions as tlicre are 
inches to be measured. 

For instance, in measuring four feet six inches, I place the right 
leg of my compasses on the point 4, and I extend the left leg 
beyond the point 0, till it covers six of the subdivisions: conse- 
cpiently it will stand on the middle point of subdivision which is 
marked by two dots. 

Jfter eijdaimng these rules upon the board, the Teacher will 
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exercise the learners in setting off distances^ not exceeding eleven 
fsetf by their scales, taking care to make the whole of them set of 
the same distances at ome, and examining the correctness of their 
reactive perj'onnances, successively, before he allows them to 
attempt a new measurement. These distances must be marked on 
right lines, which he will order them to draw for the purpose. 

When the Teacher conceives that the learners arc perfect in all 
measurements under eleven feet, he will proceed as follows. 

By your present scales, no distances above eleven feet can be 
measured by one opening of your compasses. In aii} plan ni 
which much longer measurements are like!) to be often ie«jiiiie(l, 
it would, therefore, be desirable to make tlie scalt* longer, ^lliis is 
easily done, by following exactly tlte same method. For instaiv’e, 
if I wdshed to make my scale capable of ineasniing anv distance 
under tw'cnty-one feet at once, 1 would first puidnce it tm imhes 
further to tlie right. 

The Teacher ttill ereniplify, upon the hoard, this, and the fol^ 
lowing operations, iiecessary for completing a -n ale of thcnft/-one 

feet. 

I would next divide this produced part into ten equal paits, of 
an inch each, and mark them by raising small pcrpcndiculais. 

I would lastly continue the numeration of my scale, by adding 
the numeral figures II, 12, l.‘i, 14, &c. uj> to 20. 

Now you see, that if I wish to take any distance under 21 
feet, for instance 20 feet 9 inches ; I can do it by one measure¬ 
ment. 

' In the same manner, you may easily conceive, that a scale may 
be produced to any length: but, in general, a short or middle-sized 
scale is preferable; it being of no use to have a scale longer than 
suits the size of your instruments; because a pair of compasses, 
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\vhen the legs of it are too widely extended# cannot measure a dis¬ 
tance accuiutely. 

When your scale is shorter than the distance which you wish 
to measure, you will of course be obliged to set off the requued 
distance by two or three measurements. 

Here tfie Teacher will ruh out the produced part of his scale- 

I have now again re<hiced my scale to the same state as yours; 
and consequently have lost tlie j)o\vcr of measuring more than 
eleven feet at once. 

I shall first slaow jou how to set off fifteen feet six inches. 

The Tefuher u iU eicmjdift/ as he proceeds. 

1 shall draw a right line, upon which the distance is to be 
marked. 

I’pon this rii;ht line, I first set off ten feet as a part of the dis- 
taine ; and at the exticmity of the ten feet, I set off five feet six 
im lies. 


'IVn feet and five feet six inches, added together, make 
fifti en feet six iiu lies ; t onsequentK the required operation is per¬ 
formed. 

In this manner all dUtanccs under Ql feet may be measured. 

Supposing that die pioposed distance exceeded twenty-one feet, 
it w ould then require more than tw'o measurements. 

For instance, if I w ished to measure tw'cnty-four feet nine inches 
from my present scale, I would first take ten feet in my com¬ 
passes and set it off twice running, which w’ould make twenty feet; 
after which I would take four feet nine inches, and set it off at the 
end of the forinei nieusmemculs. This would complete my re- 



PRACTICAL GEOMETRY. 


]J4 

4)i:^ed distance, because two teas and four feet nine inches are 
twenty-four feet nine ijiches. 

In like manaei, [//ere the Teacher s'iil not ciemplify.'] sup¬ 
posing 1 wanted to set off a distance of ninety-iught feel upon a 
plan; I would take ten feet in ni) compasses, and s*‘t off tliis dis¬ 
tance nine limes; after which I would take eight feet, and sot it oft 
once. This would complete the requiicd distance, because the 
nine tens are ninety, to which add eight, and the whole makes 
ninety-eight. 

I shall now see, whether \ou understand the method of setting 
off distances from your scales. In more than one measuremeut. 

Here the Teacher will eicrci^e the learners in sclhng off dis~ 
ianceSj not exceeding ts.enh/~one feety htf Iho tneasmements. 

The Teacher will also ricollect to exercise the learnets in 
making such measurements from their scales, as he niai/ judge 
necessary, after each of the succeeding exantidcs. 

PROBLEM LIE 

TO MAKi: PLANT SC ALLS. 

EXAMPLE 12. To make a scale of two feet to an inch. 

Allowing tw'o feet to every inch, one foot will, of course, be 
represented by half an inch. 

You will therefore draw' a right line, and set off half an incli 
eleven times upon it; or you may draw a line five inches and a half 
long, and divide it into eleven equal parts, which is the same 

thing. 

The figure inserted after the first paragraph of example 1, will 
also serve a\ a guide for the figure necessary here: and the re~ 
mainder of the operations in this example will be exactly the same 
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as in example 1 ; to which the Teacher will referf and give tie 
same directions therein contavied, commencing from the second 
paragraph, at the tcords, Tins right line,” &c. observing only 
that uhere the phrase “one foot to an inch” occurs in the former 
example^ he must read “ \\\ o feet to an inch” in this. 

The scale, winch \ou have now diawn, being only half as long 
as the foiincr, it will generally be convenient to extend it so far at 
to rtndei it capable of taking in any distance not exceeding 21 
feet, at one measuiement. 

Here the Teacher cause the learners to extend their scales 
accoidingli/, by producing them Jne inches more to the right; and 
vpon this prodmed pait siting of/' ten neze diiistons equal to their 
formet ones, zJinh innU be uumbeied legularly 11, 12, IS, 14, <?fr. 
as far as 20. 


PROBLEM Eli. 

TO M\Kl; SCILES. 

1j PTjT 3. 'Fo make a scale of 10 feet to an inch. 

Diaw a right line, and set**off one inch eleven times upon it; or 
draw a line cle\eii iiulies long, and divide it into eleven e^ual 
parts, winch is the same thing: and i.iise small pcipendicttlars 
fiom each point of division, as also fioin the extremities of the 
line. 

*-1-i-!-!_t I ) - I_ I I 1 

Subdivide the left-hand division into ten equal parts: and mark 
the middle subdivision by a small perpendicular and two dots. 

Each of jour iaige divisions will represent ten feet, wliilst each 
of the subdivisions at the left of your line will represent one foot. 

You will thcrcfoic place the number 10 under the left extremity 
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of your line; end from thence, under each large division, place 
successively the figure 0, and the numbers 10, 20, 30,40, 50, &c. 
®s iiv as 100. 

Luniui i 1 _!_I_I_ I I i 1 ] f 

10 0 10 so so 40 50 60 70 80 PO 100 

Over 3 our line, rite the words scale of 10 feet to an 
INCH; and your problem is performed. 

Scale of 10 feet to an inch. 

luM—J_1_(_I- 1 _ 1 _ L I T t 

10 0 10 20 30 40 50 60 70 80 90 100 

PROBLEM IJJ. 

TO MAKE PLANE SCALES. 

EXAMPLE 4. To make a scale of one hundred jards or 
feet to an inch. 

Let us suppose that a scale of yards is first to be made. 

The Teacher will here read the tho first paragraphs of Eiam- 
ple 3, which apply also to the present example. He Ziill then 
proceed as follons. 

Each of your large divisions will represent 100 yards, ^^hilst 
each of the subdivisions at the left of tlic line will lepreseiit ten 
}’ard8. 

You will therefore place tlie number 100 under the left extre¬ 
mity of the line, and from thence, under each large division, 
place successively the figures 0, and the numbers 100, 200, 300, 
&c. in regular order as far as 1000. 

Over your line write the words scale of 100 yards to an 
Inch ; and your problem is performed. 

Scale of ^00 yards to an inch. 

• t I t 1 I _ I I 1 _ ' - I 

100 0 100 SOO 300 400 500 600 700 800 900 1000 
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Rub out the word yards, and write feet in place of it in the title 
of your scale. 

Your scale now represents a scale of feet, 100 to an inch* 


GENERAL REMARKS ON PROBLEM UI. 

Scales of one foot to an inch, made according to the first 
example, or of two feet to an inch according to the second 
example, or scales made in some intermediate proportion between 
these two, are generally used in modelling, or in plans of any 
nice piece of xcorkmaushtp, the parts of which require to be well 
explained in detail. 

I'or instance, if I were required to make the model of a pontoon, 
or of a traversing platform, 1 might perhaps choose a scale of one 
foot to an inch. 

Hut if I wtre lequiretl to make the model of -a town-gate and 
draw-bridge, for a fuitified plac<', such as should show their 
position and jiropurtional dmieusiuns, in respect to the adjacent 
works, I should probably choose a scale of two feet to an inch, at 
being more conxenient. 

It can seldom be expedient, either in a plan or model, to use a 
larger scale than one foot to an inch; because the smallest dimen¬ 
sions that are nccessarx, in any piece of mechanism, may be suffi¬ 
ciently marked in a scale of this size. 

I have, however, sometimes seen models made on a scale of 
half a foot to an inch. Such a scale being one sixth of the real 
size of the object it is intended to represent, which is a very large 
proportion indeed, can scarcely ever be necessary, except for the 
use of persons who are totally inexperienced in that particular 
branch of workmanship, wliich it is intended to explain. 

On the other hand, a smaller scale than tw o feet to an inch wouU 



158 


PUACTICAT. GEOMETRY. 


not be sulBeiently clear to explain pioperly the small diiiiensions 
in any nice piece of workmanship. 

A scale of one foot to an inch ma> als<» be called a scale of one 
inch to a foot: and a scale of two feet to an inch nia} also bo 
called a scale of half an incli to a foot, the pi opoi tions being the 
same. 

It is common amongst aitificois, wlio use th<‘sescah*s for models, 
or for working plans, to distinguish them in this tnniinci; and 
for shortness’ sake, tliC} often tall the fomu i a one-inch scale; 
and the latter a half-inch scale. 

ITicy also frequently use an intei mediate scale In tween these 
two, of three quaitcrs of an nuh to a foot, whuh tiny (all a 
three-quarter scale. 

In like manner, a scale of half a foot to an iiu h, ina\ also be 
called a scale of two inches to a foot , and, foi shoitness, would be 
called by artificers a iwo-nich scale. 

If you understand properly the lAampie^, which you ha\c 
already gone through, you will find no difiiciilty in making a thice- 
quarter scale or a two-inch scale for modelling. 

Instead of using indisciiminatcly tlie pliiasc, ‘‘ .SVti/e of so 
many feet to an inchf or,** Scale of so many italics fo afoot; ” it 
is much better to reject the latter cxpiession altogctlier. Because if 
you use only the term ** Scale of so many feet to an inchf* you may 
commence with a scale of one foot to an inch, and go oii by regular 
gradatious, such as fi\e feet to an incii, ten feet to an inch, &c. 
By this means, after a little practice, you will always recollect 
wKat kind of scale is best adapted for tlic various purposes to 
which scales may be applied. Whereas if you confound the titles 
of your scales by applying different terms to the same scale, it will 
perplex die memory, and every time you want to use a new scale, 
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you will be obliged to make fresh calculations and trials; so that 
your former expeiience in scale-making will be of little service to 
you. 

I have alieady mentioned the scales most convenient for models, 
or detailed plans of nice pieces of mechanism; they vaiy from 
half a foot to an inch, to two feet to an inch. 

% 

A scale of %c or si\ ftet to an inch, is good for explaining the 
iiatuie ol woo(h n brida^cs, roofs, tenters of arches, and other pieces 
oi cai|>entiy. It is also veiy convenient for plans, sections, and 
elevations oi front views of small buildings, beuig large enough to 
show the vaiicms paits ctl columns, and other decoiations or onia> 
incuts, used iii architectnic. 

This scale IS likewise well adapted for explaining the sections 
oi proliles ol field woiks, such as parallels, appicaches, batte¬ 
ries, ivc 

A «(ale of eight oi ten ftet to an inch is convenient for drawing 
buildings, or putes of caipciitiv, such as have before been men¬ 
tioned. 

"Jilt St stales aic also good foi the plans of batteiies, held 
powder iiiaga/incs, ledoubts, <ind otlui field woiks. 

A much smaller scale would not explain cleailv the various paits 
of a batleiy, ix.c to peisons who did not pieviously understand the 
nature of surh works. 15nt foi laige ledoubts or detached field 
w Ol ks, in sonic cases, a scale of 15 feet to an inch iiiiglit be preferable. 

Stales of from 13 to 20 or 23 feet to an inch are useful for 
plans, sections, and elevations of veiy large pieces of architecture 
of which such scales vvill give the general effect very well, but 
cannot detail the various paits. 

For iiutaitce, f uch scales would answer well for the ekvaiion or 
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ww erf « fine bridge over a lai^o river. If Uie bridge had few 
afdhea, a scale of 15 feet to an inch would be preferable ; but if 
it was very extensive, such as Blackfriars or Westminster bridges, 
then a scale of 20 or 25 feet to an inch would be more cun> 
venient. 

Scales of from 15 to SO feet to an inch arc useful for sections 
of the ramparts, ditches, and other >vorks of a regular fortress. 
A much smaller scale than 30 feet to an inch wf)ul(! not be suffi¬ 
ciently clear ; and larger than 15 feet to an inch <'an scarcoU be 
necessary, except only for the sections of mines and rr)uiitcrinine‘>. 

For this last purpose 10 feet to an iinh may peiiiaps be pre¬ 
ferable. 

A scale of 100 }aids to an inch is useful for the plan of a cit\, 
fortress, or estate. 

For instance, if I wished to draw’ a plan of Chatham, or Pl\- 
mouth Lines, with part of tht* country round them, I should 
choose this as a comenient scale; it being large enough to express 
every thing clearh. 

But if, for any particular reason, I wished to have some part of 
my general plan more detailed, I might llien choose a scale of 
fifty yards to an inch. It can seldom he necessary to use a larger 
scale than this, except for small field wurks, such as ha\e before 
been noticed. 

If the city, fortress, &c. of which I wished to have a plan, 
was very extensive; a smaller scale than 100 yards to an inch 
nught be convenient. 

For instance, if I was required to draw a plan of the fortifica¬ 
tions of Malta, which inclose a space of several miles in extent, I 
"Would then choose a scale of 200 yards to an inch. 

In like manner, if I wished to have a plan comprehending not 
<Hily Chatham Lmes^ but the various other forts, and works 
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connected with them, together with die cities of Rochester and 
Chatham; and the villages of Stroud and tlpnor, on die odier side 
of the Medway; I would then choose a scale of 200 yards to an 
inch in preference. 

As a general rule I would prefer this scale, whenever the ground 
to be included in the plan exceeded three or four square miles. 

The scales, therefore, which are most convenient for, die plans 
of cities, fortresses, &c. vary from 50 to 200 yards to an inch. 
Aliy scale smaller than 200 yards to an inch would not be suffi-’ 
ciently clear to explain the nature of the works of a fortress; 
Consequently when a general plan is on a small scale, it is proper 
to have separate plans of particular works, on a laiger scale. 

Whenever it is required to use a scale smaller than 200 yards to 
an inch ; it is then more common and more convenient, instead of 
a scale of yards, to make a scale of so many miles or parts of a 
mile to an inch. 

For instance, if I wanted to use a scale of 300 yards to an 
iiicli, or thereabouts; this distance being only a few yards more 
than one sixth part of a mile; 1 should make my scale in die 
latter proportion hi preference. 

One sixth pait of a mile to an hich is a very good proportion 
for the survey of an estate; or for the plan of the position of an 
anny, or field of battle. It is tlie scale generally used by survey¬ 
ors, both civil and military. 

« 

One third of a mile to an inch, or one quarter of a mile to an 
inch, are also sufficiently large and clear scales for similar purposes; 
if the ground to be surveyed is an open country. 

Half a mile to an inch, or even one mile to an inch, are suffi- 
ciendy large to show all the roads, bye-roads, and principal farms, 
and country houses. 

VOL. I. M 
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When smalier scales tbau these are used, the general features of 
a county, province, or large tract of country, may be understood ; 
blit the particular nature of any position or small portion of it, 
cannot be explained, without a reference to more detailed maps or 
|dbns on some of the former scales. 

It is more usual in die titles of scales for maps, to say so many 
inches or parts of an inch to a mile; than to sa> so many miles oi 
paits of a mUe to an inch. 

I'or instance, the various scales above mentioned, may be staled 
scales of six inches to a mile, of diree inches to a iniJe, of two 
inches to a mile, of*one inch and a half to a mile, or of one iiicii 
to a nuie. 

This is the best inetliod for scales of miles, and no inron\enieiKa 
can arise from it, because where miles are coiueiiied, >uii are nut 
hlcely to be confused, although you ma^ have been accustomeci to 
follow a contrary arrangeuieut, in respect to the tales ot sc alea oi 
yards or feet 

It is a general rule in scale-making that the numeration of the* 
scale shall not commence from the begiiming of the line, but iiom 
the right extremity of the first or left hand division, wheio the iigurc 
O is placed. 

Also, diat if the large divisions of the scale represent units, the 
subdivisions shall represent the next smaller denomination of tlie 
same measure. For instance, in your first and second example's, 
where each of the large divisions represented one foot only, tlie 
subdivisions w ere made to represent inches. 

By the same rule, if you had drawn a scale of miles, of which 
dielaige divisions were numbered from 0 to 1, 2, 3, 4, 5, &c.; 
then the subdivisions ought to represent quarters of miles, if the 
scale was small; but if the scale was rather large, smaller subdi¬ 
visions than these might be introduced, to represent furlongs; each 
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of which| as you may probably know, is one eighth part, or half a 
quarter of a mile. 

But if the large divisions of any scale represent tens, then the 
subdivisions must represent units of the same measure, and if the 
large divisions of any scale represent hundreds, then the subdivisions 
must represent tens of the same measure. 

This is the rule which has been followed in all the above exam¬ 
ples of scale-making. If you had divided and numbered your 
scales in any other manner, you would have found it impossible to 
measure any distance off hand without previously adding two 
numbers together, or subtracting one number from another. Cal¬ 
culations of this kind are troublesome, and may lead to error. 

In plane scales, such as you have hitherto drawn, tliere is no 
method of measuring any distance which falls between two subdi¬ 
visions except by guess; but, in general, the subdivisions arc 
made so small, that plane scales are quite accurate enough for all 
common purposes. There is how’ever a more accurate kind of 
scale called a diagonal scale, which I shall now teach you to 
construct. 

Write the words diagonal scales. 


PROBLEM LIII. 

TO MAKE A DIAGONAL SCALE. 

Draw a line twelve inches long: divide it into six equal parts; 
and subdivide tlie first division into ten equal parts. 

Under the right extremity of the first division place the figure O, 
and under the remaining points of division place successively the 
figures 1, 2, iJ, 4 and 5. 

1**4.* t t,4 I I *_I 1. . . .......... .L... . i ^ 

0 1 a « 4 5 

M 2 
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Oitw ft tine above the former, paiiillel to it, at a distance equal 
to the length of one of the large divisions. 

From die two extremities of the first drawn line, and from all the 
points upon it which mark the large divisions, raise perpendiculars 
meeting the above parallel. The upper and lower line will dien 
both be divided into the same number of large divisions. 


Subdivide the left division of the uppei line or parallel also into 
ten equal parts; and the two lines will then be divided and sub> 
divided exactly iu the same manner. 



1 2 


Prom the left extremity of die first subdivision of the upper line, 
draw an oblique line to the right extremity of the first subdivision 
of the lower line. 

From the left extremity of the second subdivision of the upper 
line, draw an oblique line to the right extiemity of the second sub¬ 
division of the lower line. 

a 

And in like manner from the left extremity of every remaining 
subdivirion of die upper line, draw an oblique line to the right 
extiemity of its corresponding subdivision on the lower line. 



0 1 9 3 4 !> 


Subdivide that perpendicular which connects the left extremities 
of your two &r8t drawn lines into ten equal parts; and throiq^h the 
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various points of subdivision thus founds draw right Unes parallel 
to your original line. 

Mark every second subdivision on your lower line from 0 towards 
the left extremity of the line by the numeral figures 2, 4, 6, and 8. 

( 

Ill like manner mark every second subdivision on your left per¬ 
pendicular by the numeral figures 2, 4, G, 8, commencing from the 
bottom upwards. 

For the method of subdividing the perpendiculaTf drawing the 
paralie/s, and marking the subdivisionSf as directed in the three 
last paragraphs^ the Teacher icill refer to the next jigurtf in 
rchich these particulars are erplained. 

’^'our problem is now performed ? you have made a diagonal 
NC.llc. 

)t IS proper iicre to observe, that this scale like all tlie others 
^^hlch you have hitherto made, ought to have been divided into 
eleven equal fiaits, in order tliat the numeration might extend from 
(), If 12 , &e. reguiuily as far as 10. 

If you should ever wish to make a diagonal scale for use, you 
must therefore recollect to divide it in the above manner. My 
leasoii ill making you now use fewer than the proper number of 
equal parts was in order to save you trouble, on account of the 
difficulty, which 1 know there is, in making niam^r small subdi¬ 
visions accurately upon a slate. But if you had been practising 
on paper, I should have made you in the first instance draw a line 
eleven inches long, and diidde it into eleven equal parts; after 
which the remaining operations would have been exactly the same 
as those of your present example. 

I shall now teach you the method of measuring distances by the 
diagonal scale. 

Let us suppose that our present scale represents feet. It may 
of course also be applied to yards or to any other measure or 
dimension that the person who uses it thinks proper. 
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It is 4 i rale in diagonal scales, that the subdivisions on die per¬ 
pendicular, are each one tenth part of the subdivisions on the 
base, and that the subdivisions on the base are one tenth part of 
the divisions. 

Consequent!} if die lai^e divisions on your base or original line 
are units, diat is to say single feet; the subdivision of the base 
will represent each one tendi part of a foot; and the subdivisions 
pf tlic perpendicular vv ill each represent one hundredth pait of a 
foot. 

If the large divisions on vonr base rcpieseiit ten feet each, 
then the subdivisions of the base will lepiesent each one fool; 
and the perpendicular subdivisions will lepreseiit caih of them one 
tendi part of a foot. 

Also if die divisions lepresent huiuiieds, the subdivisions of the 
base will represent tens; and the perpendicular subdivisions will 
represent units. 

But if die divisions represent thousands; the subdivisions of the 
base will repiesent huiidredfi; and the perpeiidiciilai snbdiviMou 
will repiescnt tens. 

This beings explained, I shall fust suppose, that the laige 
ilivisions of my scale repiescnt each one hnndicd feet; and that I 
am lequircd to measure five liimdred and fortv-three feet, from niy 
diagonal scale. 

J first place one leg of my compasses at that point of the laige 
divisions which is marked 5; and extend die other leg to that 
point of the subdivisions of the base which is marked 4. 

Here the Teacher mil ciemplify. 

I have now got a distanro equal to five of the large divisions of 
the base, which as I said before represent hundreds, added to 
four of the subdivisions of the base which as 1 said before repre- 
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sent tens. Five hundicds and four tens are five hundred and forty. 
I now only want three of my required number. 

That leg of my compasses \\hich was placed on division 5, I 
move upuartls on the perpendicular laised from tlience, as far as 
the point nheie the said jiei pendicular is intersected, by that paraU 
lei ^\^llch is diann through the third perpendicular subdivision of 
the scale. 

The olhei leg of my compasses which was placed on subdivision 
4 of m> base, 1 also mo^e upwards as far as the same parallel; 
and finding that it does not leaeh the point where this parallel is 
intiisect(d b\ the oblique line which is drawn from the fourth sub- 
diMsion of the base : I extend it as far as the said point of inter¬ 
section, keeping the other leg of my compasses fixed in its last 
position. 

I Ikuc now got the exact distance of 543 feet, as was rcquired- 

r shall next show' you how to take 356 feet from a diagonal 
scale. 

1 shall lastly show }ou how to take 268 feet from a diagonal 
s( ale. 

The Teacher will exemplify as h^ore. In the following 
Juiure, the points nhere the legs of the compasses ought to stand in 
the aboxe three measurements, are marked by small circles, it being 
nnderdood that the tzcu legs must always be placed on the same 
parallel, tn all measurements made upon a diagonal scale. 

This figure would serve for the concluding operations of the 
problem in page l65, provided the small circles, which appear in 
it, were taken out. 
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Here lAe Teacher will exercise the learners in setting off dis¬ 
tances, not exceeding 600 feet, bif their diagonall scales, supposing, 
as in the above examples, that the divisions represent hundreds. 

We shall now suppose that tlie large divisions of your scale 
represent thousaiuls; consequently tliat the subdivisions of the base 
represent hundreds; and that the perpendicular subdivisions repre^ 
sent tens. Hie manner of measuring distances will be exactly 
the same as before. 

I shall first show you how to iiica<»iire 5430 feet. 

I shall next sbow^ you how to measure 3560 feet. 

Lastly I shall show’ you how to nieanure 26*^0 feel 

The same points, ninth are marked nUh %mall tircles upon the 
last figure, nill also appli/ to time nezi measurements; and to all 
the following measurements relating to the diagonal scale. 

Having exemplified the three measurements ahoie mentioned, (he 
Teacher will exercise the learners in similar operations, obsening 
to choose distances not exceeding 6000 feet. 

We shaU now suppose^ that the large divisions of your scale 
represent ten feet each; and consequently that the subdivisions 
represent fee^ and tenths of a foot. 

I shall first show you how to measure 54 feet and 3 tenths of 
« foot. 

I shall next show you how to measure 35 feet and 6 tenths of 
a foot. 

Lastly 1 shall show you how to measure* 26 feet and 8 tenths 
of a foot. , 


Here the Teacher, after exempliffing, will exercise the learners 
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tn similar operations, obsirving to choose distances not exceeding 
6 feet. 

We shall now suppose, that the laj-ge divisions of your scale 
irpiesent units or single feet; and consequently that the subdi¬ 
visions represent tentlis of a foot, and hundredth parts of a foot. 

1 shall first show you how to measure 5 feet, 4 tenths, and 
5 hundiedlh parts of a foot. 

I sliall next show you how to measure 3 feet, 5 tenths, and 6 
hundicdth pails of a foot. 

Lastl} I shall show jou how to measure 2 feet, 6 tenths, and 8 
hundredth parts of a foot. 

IIetc the Teacher, after eicniplifi/ing, will exercise the learners 
in similar operations, observing to choose distances not exceeding 
sijL feet. 

1 viiall next teach you the method of making scales for mea« 
billing angles. 

It ^^as befgre stated, that angles arc always measured by 
<leg]ees, or equal parts into which the circumference of a circle is 
supposed to be divided. 

Write the words degrees of a circle. 

Describe a circle, and draw two diameters intersecting each 
otlicr at right angles. These will divide your circle into four 
quadrants. 

At the extremity of one of your diameters, 
mark the hgure 0, to show the point from 
whence you mean to commence the divisionS|^ ^ 
of your circumference. 
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A cbcle is always divided into 360 degrees. Your present 
circle is already divided into four equal [>art.s hy the interserting 
diameters. 

The fourth part of 360 being 90, at tlie extremity of tlie first 
quadrant from the point 0, you w ill mark <)(): at tl«e extremity of 
the second quadrant you will mark two nineties, wljieh is 180; and 
at tlie extiviiiity of the third (piadrant you will mark three nineties, 
which is 270. At the extremity of the fourth quadrant, you will 
have made the complete round, whieh brings you back to the 
point 0, from wbeneo voii nturted. 'J’lie whole eireumfereiu-e 
being equal to 3(i0 degrees; tliis point ma> not onl\ he marked O, 
as being tlie eommeiu «‘mcnt; but it ma\ also be marked .">()(), as 
being tlie finishing p<»int of the ciicumferem e. 

oo 

Op|K)sile to this point you will 
therefore write the word or and the 
number 360, in addition to tin figure 
which is already marked tlieie. 

'>70 



In surveying iiistnimeiit.s, such as theodolites, whert* the ili grees 
are marked ail round the circiimfereiiec of a circle, the number 
S60 only is placed at the above point; the persons who use these 
instruments being supposed to know, that this also signifies the 
point O. 

A right angle is an angle of 90 degrees, as you may perceive by 
inspecting your present figure; and two right angles arc equal to 
180 degrees. 

You cannot, properly speaking, use the expression an angle of 
180 d^rees; because if you suppose two radii of a circle to 
move upon the ceAer as a pivot; when you extend them so far as 
to make them comprehend a part of the chcumferencc equal to 
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180 degrees, they will then be exactly in the same right line, 
forming a diameter. 

Consequently if any right line stands upon another, no matter 
whether perpendiciilaily or not; tlie two angles thus formed will 
be exactly equal to 180 degrees, or to two right angles, which is 
the same thing. 

Also, if any two, three, or more right lines stand upon another 
right line, so as to meet and form angles, at any point in the 
latter line, on the same side of it; all the angles, thus formed, 
will be equal to 180 degices or to two right angles. 


\ 


Foi instanet‘ f shall 
first (haw a right line ; 

and secondly I shall \ Of 

diaw another line_\_ 

standing upon it. The tw(» angles thus formed are equal to two 
right angles. 

Now 1 shall diaw 
some more lines, also 

standing upon the first or 

diawn line, but all of 
thi'in meeting in the same angular point. 
r three 

The 'five > angles tlius formed are exactly 

V or other number of ' 
equal to two right angles, or to 180 degrees. 






Here the Teacher will rub out the figures which he drew to 
ilbistrate the above remarks upon angles, that are equal to 180 
degrees, when added together. 

We shall now proceed wiUi the divisions of the circle. 

If you understand the manner of dividing a quadrant, you will 
not find any difficulty in dividing the whole circle. You will 
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therefore mb out your circle, and draw a quadrant on a larger 
Bcale, placing the center from whence you describe the arc of Uie 
quadrant, nearly in the middle of your slates. 

Divide tlie arc of your quadrant into nine equal parts, by tiiais 
'‘with your compasses, each of which will be equal to ten degrees. 

Place the figure 0 at one extremity of 
}Our quadrant, and from thence number ,,, 
the above divisions regularly with the niim- 20 / 
bers 0, 10, CO, :10, 40 , &c. as far as 90. 

oL- 



The operatious which joii have just perfonued, In mg similar to 
manv parts of join former problems, cuimot be (onsideied as 
forming a new problem, in themselves; they ineitlv sene to ex¬ 
plain the divisions of the cuclc. I shall now prucied to teach 
you, how these divisions muv be applied to tlie mcjsiuemcnt oi 
angles. 

This is done by forming them into a scales wliuh U called a 
scale of chords. 

^ Write the words sc xll of chords. 


A chord was before defined : it is a right line joining the two 
extremiues of an arc. 

Tlie term chord of an arc may also signify the exact distance, 
or length, between the two extremities of an arc, although a right 
line may not actually be drawn in order to represent thu 
distance. 

Hiis beuig explained, we shall proceed with our problem. 


i 
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PROBLEM LIV. 

TO MAKE A SCALE OP CHORDS. 

When the Teacher proceeds regularly f it will not be necessary for 
him to read the first of the following orders; the operations therein 
mentioned being already performed: he will ther^ore commence 
at the third paragraph, at the words ** Draw the chordf 

But if in going through this course a second or third tin^, he 
should judge it most expedient to choose various problems separately, 
without attending to the regular order of the book; he must then, 
in performing this problem, commence as follows, and read every 
paragraph regularly until the whole of the operations are finished* 

Draw a quadrant on as large a scale as your slate will convex 
niently permit; and di\ide the circumference of it into nine equal 
parts, each of which will represent ten degrees. 

Place the figure 0 at one extremity of your quadrant, and froni 
Ihcnce number \our dixislons regulaily with the numbets 10,20, 
^0, Sic. as far as 90. 


Diaw the choid of ^oin quadrant; or tlie 
chord of (>0 degiees, w Inch is the same thing. 

This is done by diawing a right line from 
the point 0 to the point 90. * 

This right line will be the total lenglll of your scale of chords, 
which is not to go higher than the chord of 90 degrees. 

The next operation necessary will be to mark upon it, die 
Icngtli of the chord of 10 ck^ees, also of the chords of 20 degrees^ 
of 30 degrees, of 40 degrees, and in short of all the arcs into 
which your quadrant is divided. 
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Tbe Imigtii of the chord of 10 degrees is equal to Uic distance 
from die point 0 to the point 10. 

The lengdi of the chord of 20 degrees is equal to tlie distance 
from the point 0 to the point 20. 

The length of the chord of 30 degrees is equal to the distance 
from the point 0 to the point SO. 

And ill like manner, the lengths of the chords of 40, 30, 60, or 
any other number of degrees, are respectively equal to the distance, 
between the point 0 and the correspoiuling points, marked 40, 30, 
OO, &c. &c. on die arc of your quadrant. 

The lengths of the chords required being tliereforc all measured 
from the point 0, the simplest way of transferring these various 
lengths to the chord of degrees, is to place one leg of \our 
compasses in the point 0; and from that point as a center, n itii 
radii extending as far as the points 10, 20, 30, 40, &c. &c. marked 
in the curve, to describe arcs meeting the chord of 1)0 degrees. 

For instance from the point 0 as a center witli a radius ex¬ 
tending as far as the po'mt 10, describe an arc meeting the ciiord 
of 90 degrees. 

Here the Teacher will exemplify. 

From the point 0 as a center, with a radius extending as far 
as the point 20, describe a second arc also meeting the choid of 
90 degrees. 

Here the Teacher will exemplify. 

• 

' In like manner, invariably using the same 
point O as a center, but always choosing a 
new pmnt of division on the curve for the 
extmt of your radius, describe area meeting 
the chord of 90 degrees, until no more divi^ 



sums remain. 
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*l^ie line which represents the chord of 90 degrees is now di¬ 
vided into the same number of parts^ as die arc of your quadrant. 

Number these new divisions in die same 
mam^cr as the former, coimneneiug at die 
[>uint 0, and marking under each remaining 
point the numbers 10, 20, 30, 40, &c. &c. 
in regular older as far as 90. 

0 

The line, thus divided and numbered, is a scale of chords, by 
vvhieli ;jou may measiiie the chord of 10, 20, 30, 40, 50, 60, 70, 
«() or 90 ilegrees; but you cannot yet measure any number of de¬ 
grees, although under 90, which does not exactly agree with one of 
llu'se numbers. Your scale is therefore incomplete until you have 
got it subdivided into parts of single degrees each. 

The process of subdu idiiig yoiir scale into single degrees is 
done exactly on the same piiiieiple, by which you have already 
ihvided it. 



Tile method of doing this is sufficiently simple; and may be 
rlearly explained to you, without giving you the trouble of marking 
the whoh' number of degrees or subdivisions, that are necessary ia 
« scale ol chords. 


Instead of subdividing each of the present divisions of your 
qiiadianl into ten equal parts, or single degrees; you will, there- 
foie, only bisect them. 


Even large division represents 10 degrees; your present sub- 
dnisions will tJieieforc repieseiit parts of five degrees eacli. 

I'loni the point 0, as a cpiiter, with radii 
extciuling us far as each of your points of 
subdivision, one after anotlier, until no 
itioie 1 email!; desciibe arcs meeting the 
ciioid of 90 degrees, which repicsents the 
reqiiiicd scale. 



The Teacher ite&i not make the learners dot their last described 
aics, Thej/ are dotted in this Jigure only for the sake of clearness. 
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Your vcalo if now divided and aubdividod, in the same maimer a* 
the tro of your quadrant; so that you can measure from it every 
d^ppee* For instance you can measure die chord of 9.5, 35, 45, 
€0 SS degrees, &c. 8cc. 

It must now be perfectly evident, that, by die same method, you 
might make a scale of chords capable of measurino; evciy single 
degree. 

Having subdivided your scales into av many paits as you were 
directed; the problem is performed. 

REMARKS ON PROBIXM LIV. 

In your former scales, which you made according to die last 
problem, only one of the large divisions was subdivided; and yet 
you could measure any number of parts compnned within the 
length of the scale; whereas in a scale of chords, die whole of the 
huge divisions must be subdivided before you can measure eveiy 
number of single degrees necessary. 

*llie reason of diis is, that your former scales weie alt scales of 
equal or |»opoitiouaI parts; but a scale of chords is not a scale of 
equal or proportional parts. 

For instance, aldiough the aic of (20 degiees is exactly twice 
as long.as the arc of 10 degiees, nieasuniig along the ciicuin- 
ference of a circle; yet the chord of an arc df 20 degiees is not quite 
twice as long as the chord of an arc of 10 degrees: nor is the chord 
of an arc of 40 degrees twice as long as the choid of an arc of 20 
degrees; nor are the chords of any arcs to each other in the same 
proportion as die numbers of degrees contained in their respective 
area. Consequently every degree or subdivision on a scale of 
diords being unequal, you cannot have a true scale of chords, with¬ 
out Mibdividing the whole of it into as many parts, as there are 
single d^rees. 

The same observation applies to all scales for measuring arcs or 
angles, of which there are several odmr kmds, which will after- 
• wards be explained. 
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In a scale of chords, the chord of 60 degrees is always equal to 
the radius originally used, in describing fhe circle or quadrant, by 
means of which the scale was made. 


Produce downwards the arc which was 
used in setting oiF the chord of 60 degrees, 
and you will see that this is the case: 
namely, that the chord of 60 degrees is 
exactly equal to your radius. 



Rub out the whole of your figure 
excepting only your scale, over wrhich 
\oii will write the w'brds scale of chords- 



PROBLEM LV. 

TO M4K£ OR MEASURE AN ANGLE OF ANY NUMBER OF 
DEGREES BY MEANS OF A SCALE OF CHORDS. 


Let us fit St suppose, that the angle required to be made is an ai^le 

rso-y 

of y •^5 ^ degrees. 

The Teacher tti//, of courset only choose one line or angle, at a 
time, and cause only one figure to be drawn; although in this 
and m the following examples, given in tlte book, several angles 
may be drawn together. 

On some other part of your slates draw a right line, and mark a 
point in k, from whence the required angle is to be set off. 



\ r 
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The settles of chords, conslmcted in the last problem, are sup^ 
posed iiiU to remain upon the slates of the learners: othern ise 
this problem cbttld not te performed, unless thep were provided 
mtk ptoper stales for the purpose. 

In alljignrcs, relating to such pari oj the folloning operations, 
as do not require actual measurements Jtotn the scale of chords, 
the stale IS left out: htU in figures nhich relate to attual niea- 
sutements, a scaltl of chords, equal to that uliuh appears at the 
end of the last problem, is insetted for the guidance oj the Teat hi i . 

Take the length of the chord of 60 degrees from your s( ale, .md 
Midi this distance as a radius, fiom the abo\e point .'s a ctnttj, 
desm& an arc on tliat side of the hue, on whieli aou piopost lo 
make your angle. 



From the point wheie this arc meets or cuts the above line, 

as a center, with a radius equal to tlie chord of f f choices, 

(.763 

describe a new arc intersecting the former. 



From the |il«posed angular |>oii]t, that is to say from the 
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point first marked on your right line, draw a second line tlirough 
the point of intersection of the two arcs. 



'i'liis last diavMi hue foims an angle witli tlie former, whicli will 
he the an^Ie required: consequently )Our problem is performed. 

Rub out superfluous aics. 

Jt IS often usual to inaik opposite to an angle the number of 
dijLjiets which it contains. The number is generally marked near 
the angulai point. A small cipher, or figure of 0, placed over any 
Jiuinhei siguifits degiees. 

M.tik, m the above manner, the number of.degrees contained in 
the angle which vou have just made. 



Rub out your angle. 

1 slidll now teach you how to measure any given angle by means 
of a scale of chords. We shall first suppose, that the given angle 
is an acute angle. 


Draw an aCtrte 
angle to represent 
the given angle. 




m pEAcmcAL Gmwmir, 

Fiom l&e angular point as a center, with a radius equal to the 
chord oi 60 degrees, describe an arc for the purpose of measuiiiig 
your angle. 

Hire the Teacher wiU exemplify, 

« 

Take the length of the chord of the arc which you have just 
desibibed in your compasses: that is to say, take the distance 
between the points, where your arc meets ot intersects the two 
lines that form the angle. 

t 

Tbe neat thing is to measure this distance upon your scale of 
chords. 

You see that as far as regards the arc which 1 lia\e ciiann upon 
die board: when 1 apply the chord of this arc to iny scale of 

70 

chords, it forms an angle of degrees iiearl}. 

The above are the numbers xxhick suit the tuo figures here 
given, as an illt^mtion of this operation : but as a is not hkcJy 
nor necesmry that the angle, which the Teacher draws upon the 
board, sftould correspond with either of these numbers', he uill of 
course, in reading the above paragraph, make use of any othet 
nundfer, which he finds actually to agree with the measurement of 
his own angle. 

1 shall therefore mark my angle accordingly. 



•You will measure and marie your angles in die same manner: 
but if you find that they cannot be exactly measured by die sub¬ 
divisions of your scale of dbords j you must guess die odd number 
of degrees ws near as you can* 
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Rub out your superfluous arcs. 

Rub out your figures. 

Obtuse angles, or angles of more than 90 degrees, may also be 
set off or measured by means of a scale of chords, by cme measure¬ 
ment only. ^ 

I shall first teach you how to measure them. 

Draw an obtuse angle to represent the ^ven angle which is to be 
measured. 

Produce one of the lines, which form your given angle, beyond 
the angular point; and dot this produced part. 



t 

By so doing you have formed a new angle, which if added to 
your given angle Mill be exactly equal to 180 degrees, or to two 
light angles, as was before explained. This new angle will always 
be an acute angle, consequently you may measure it by your scale 
of chords. 

Measure the new angle in the manner before explained, by first 
describing an aic with the chord of 60 degrees; and afterwai'ds 
applying the length of the chord of this new arc to your scale of 
chords. ' 


Following this method, the angle Mhich 1 have drawn on the 

% 

so 

board, proves to be degrees. I shall therefore mark this num* * 
her opposite to it. , f ‘ ' 
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The Tedcher of rotin^, after measuring ?tis angle, mill not u*te 
the members CO or 35, but any number mhich proves to he correct . 
these numbers tncrefif applying to the trco figures here given. 

''A scale of chords is not inserted in these figures, because angles 
ef 80 and oj 35 degrees were before set ojj according to a scale. 

Ybu V ill also mark your angles in the same manner. 
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Tlie new angle of degrees, wliirli I ha\e thus nuasuied, il 
added to my gi\cn angle ought to make oxactl} ISO degrees. 

I therefore subtract degioes from ISO, and degr<'os le- 
main: this is the exact measureineut of gi\cn angh'. 1 shall mai k 
it according!}, nibbing out at the same timq ms supernaoits .ii<. 



You will in like manner subtract the number ot ilegiees con- 
tained in each of }our new augles from 180 degrees and the dif- 
ieftenice will be the exact \alue of }our given angle, which }<ni 
must write opposite to it. 

When any arc is less than 180 degrees, the difference between 
the two is called the supplement of that aic. 

^ lu like manner when an} angle is le*ss than 180 degrc'cs, tin' dif¬ 
ference between the two is called the suppleinont of llial angle. 

iVw* instance an arc or an angle of 130 degrees is die suppli nu nt 
to an arc or angle of 50 degrees: and in like manner, an arc or an an¬ 
gle of 50 degrees is the supplement tp an arc or angle ol 1 JO degr* i s. 

Write the words supplement or an arc. 

{ ^dl now teach you bow.to draw an obtuse angle, or an angl<' 
of more than 90 degrees, by means of }our scale of choids, at ow 
oaeanirement. 
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% * 

Let IIS suppose tliat an angle degrees is required to be 

made. 

Draw a ilglit line to represent one of tlic lines of your required 
angle ; aftei \\hicli it will I ( t^eccssary to niii sonic point in it, to 
slio\\ tlie point from Mlieiiot . e angle is to } e set/iff. 

f 

Althcnigi) this point might be marked at an\ paitof the line, tlie 
operation will ho n re clearl} understood, if >on take one of the 
txt< ni( poinis of yiiir lines fo) 'h < purpose. You will therefore 
mark ullui extremih of }> inir according^. 

Piodiuc that evtiemitx of jour hue where the point i marked, 
as Its as \ou judge roiivcnicnt; and let this produced pait be 
dotted. 


If the point iiad been in irk( d near the middle of the line, this 
last optiation w<ndd not h:we been necessary ; as you will clearly 
uudubtand wluii \on proccid a little further. 

-'\t llie jsoiiil niaiked in \oiii line, on the same side of tlse line 

iGO 

pioposcd foi ynn icquucd obtuse angle of degrees, but on 

iht rontiary side (if liie point, xoii must nevt make an acute angle 
equal to the supplemeni of }oni requited angle. 


The supplement of 


I(>0 

14j 


deal res is 


CO 

.33 


degrees. 


You will tluK foil, at the point marked in your line, make an 
angle of degiee**, in the manner directed, and number it 
accoidinglj. 

yf Ji<^ure made lo correspond with this operation^ nould he 
precisely the same as the sprond Jigurc in page J8I, to which ihe 
Teaiher ma^ refer if necessary. 
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Thelin^ drawn in making this acute angle, fonns also a second 
an^e widi the original liOe; which will be. equal to degrees, 
as was required. 

A JigurCj made to correspond with this operation, would be 
precisely t^e same as the Jigure in page 183, to which the 
Teacher may refer if necessary^ 


Rub out your superflaous angle, together with tlie dotted line, 
arcs, &c. used in describing it: and your operation is performed. 




REMARK. 

In order to save httuble, a case of drawing instruments usnaliv 
contiuns an rvovy ruler, upon which are marked plane scales ot 
various pn^rtions, a diagonal scale, and one or two scales of 
chords for measuring angles. 

# 

There is also an instrument, called a protractor, by uhich 
angles may be set off or measured much more expeditiously and 
conveniently dian can be done by a scale of chords. 

Write the word pbotbactob. 


PROBLEM LVI. 

TO MAKE A PROTRACTOR. 

Draw a semicircle: mark the center of it by a point; and 
divide die circumference into eighteen equal parts; each of which 
will be equal to 10 degrees. 

t 

You wUl thecefoare place the figure 0 under one extremity of 



idl 

your semicircle, from nvhence you will ittsvl: tihe diviwons regularly 
with the nuifibers 10, 20, 30, 40,50, 8tc. &c. «• ftr 180. 

Ileie the Teacher will exemplifyt and tee th>t ihe' learners 
perform the operatiqps directedy before he makes than ^proceed 
further. 

For the conveniency of settiog off angles on different sides of 
the same line, without the trouble of calculatmg supplentents, it is 
proper that the degrees of a protiactor should be numbered m two 
contrary \\ays. 

\ ou must therefore 
put double numbers to 
all >our divisions ac¬ 
cordingly , roninienc- 
ing at the contrary 
t\tmiiity of the same 
bcinicircle, whole you 
w ill place a new figure 
of 0, and fioin thence you will go regularly round the curve as 
heioie, but in a contrary direction, with the numbers 10, 20, 30, 
40, £cc. as far as 180. 

1 shall now teach } 0 U the method of setting off angles by means 
of a protractor. 

One protractor ought to be provided for everp five or six 
learners j but for the sake of economy, nooden protractorSy di- 
xided in the manner shoi^n tn the above Jigurey may answer the 
purposes of instruction. The Teacher ought of course to have a 
larger Ti.ooden protractor to use upon the board. 

We shall first set off an angle of degrees. " 

Draw a right line, and mark a point on it, to represent the poiiit 
from whence the required angle is to be set off. 
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Place one of the straight sides or t dges of your protractor upon 
tlie above liae> in such a maoner, diat the center of your protractor 
shall exactly agree or coincide \iilh the p'>int, ^\hich you have just 
marked upon the line. 

Then close to the semicircular or numbeird side of your pro- 
tractor^ but on the outside of it, mark a point upon youi slate 

opposite to tljat division, which stands foi ‘ ^ degiees. 

kJ 


The following jh^ure repfe<^enl9 a lenl pjofnnlor applk'd In 
the above line^ haviimUjlflllU straight side and a sennnrcid/a/ side, 
but open in the 

The dotted line is Wawn merely as a a;iude to the Tern hei , tn 
show the direction of the point Zi-^dch nu^ht to he marked, and 
the point itself ts denoted by a small tircle. 



Remove your protractor altogether: 


And from the point in your line, draw a right line thtough tlie 
last marked point. 
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_ 1 
This new line will form an angle of degrees with the former 

line^ as was required. Mark your angle with the proper number 
of d<‘grces, and voiir problem is therefore performed. 



A piolinclor is also sometimes made in form of a rectangle. 
r<ir installer, in the flat iMiiy rulers or scaleil which generally form 
pail of a ease of diawing iflttruments, as was before mentioned, 
the d( grees aie al\vav‘» mark^ round three sides of the rectangle; 
which tlu'refoie correspond with the ciiived part of the semicircular 

JMOtl t( toi . 

I'lie Minaimng long side of the rectangle corresponds with the 
dianietei of tiu* si'iiiicireiilar protractor, and has a point marked in 
tin middle of It, wliif li in like manner corresponds with the center 
()( tl I' soinu IK Je- 'Jiiis point is alwa\s placed in one of the long 
sidi s o| the lectangle. 

IJofJangnlar protiaetors aie not quite so con\enient for practice 
a llie sdnu iicniai one**, because they are niiicJi more liable to 
< nos, unless used with an uiicominon degree of care and attention. 

The loason of this is, ilmt the di\isious on the semicircular pro- 
liaeloi aie peipendicular tolhe semicircular edge of the instrument 
upon will'll they are marked; whereas in the rectangular pro- 
tiactor, suiiie of them are very oblique to tlie edges or sides of the 
iiisti uiiienl. 

*■ 

The Teacher Uionld have one or trt'o rcctungular protractors^ to 
t/lmfrate //.c above remark, 

if wished to make a rectangular jii-otractor, it w'ould be 
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necessary first to draw a semicircular one upon the same renter, 
dividing it regularly; after which the divisions may easily be 
transferred to the three proper sides of die rectangle, by merely 
drawing radii through the various degrees marked on the semicircle, 
and producing them as far as necessary: then the seiniciicic would 
be rubbed out. 

Lastly, a double scale of degrees would'be marked near the edge 
of die rectangle, on the three proper sides of it. This would 
render it complete as a rectangular protractor. 

REMARKS. 

When any line or instrument is marked witli dcgices, it is said 
to be graduated. 

Write the words ckadvatcd or marked with decree*;. 

In your last problems, you have had frequent occasion to daide 
the circumference of a circle into d^recs. There are various 
useful instruments divided in this manner. 

A theodolite is an instrument of a circular form, upon which all 
the degrees of the circle are marked up to JGO. It is used by 
land-surveyors in taking angles, as was before mentioned. 

A quadrant is an instrument made in the form of a quarter of 

a circle, from whence it takes its name. This instrument is 

useful in measuring heights. It is also often used in gunnery, for 

laying guns and mortars at an elevation. 

« 

^A sextant is an instrument made in the form of the sixth part of 
a circle. It is very useful in navigation, particularly for observing 
the siHi’s altitude or height above the horizon. 

'*^Tliere is also a smaller kind of sextant, called a pocket sex¬ 
tant, which is useful in taking angles for small surveys. 

Having made these remarics, I shall now proceed to explain to 
you some odier lands of scales, which are used for measuring arcs 
or angles. 
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DEF^ 97. The sine of any arc is a perpendicular drawn 
fiom one extremity of it, upon a diameter passing through its other 
extremity. 

Draw a semicircle: mark 
any point in the curve to • 
divide it into two arcs ; and 
dot one of the arcs thus 
formed. That arc, which 
is not dotted, wilt always be understood in the following obser* 
vations, unless when the contrary is specified. 



Draw a perpendiculat to 
the diameU'i, from the point 
maiked in the curve of }Our 
sf'iiiiciicle. 




This peipciidicular is the sine of 3 our arc; it being drawn from 
one cxticmit} of tiie said arc to a diameter passing through the 
other extremity of it. 

Supposing that your arc containiHl any specified number of 
tiegrccs, such as GO, then this perpendicular would also be called 
the sine of GO degrees. 


REMARK. 

The same sine applies always to two arcs or angles, which are 
supplements to each other: for instance, tlie sine drawn in your 
pieseut figure serves for both the arcs into which your semicircle 
is divided. It is the sine of the dotted arc as well as of the other; 
these two arcs being supplements to each other. 

Thus the sine of 60 degrees is equal to the sine of 120 ^egrees: 
the siuc of 40 degrees is equal to the sine of 140 degrees, amd 
so on; tlicse angles being supplements to each other. 




igo 
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PROBLEM LVIL 

TO MAKE A SCALE OV SINES. 


Diaw a line directed towards the top and bottom of 
slates: and upon this line describe a semiciicle to the right of the 
Loe. 


Bisect tlie arc of }Our semk ircle, and divide the lowei qnaihaiit 
of it into nine equal parts, which will f’c equ*il to lui dtgln^ 
each. 




Place tlie figure 0 at the lower extremity, 
and the numhc r 90 at the upper extreniitv, 
of the said quadrant. 



Prom each point of division on the arc of jour quadrant, diaw a 
pe^ndicular to the diameter. I’iiese perpendiculars will be the 
shies of the various arcs raarWed on your quadrant: that is to say 
ihe shortest of them will be the sine of 10 degrees, the next will 
lie the sine of CO degrees, the ne.xt will be the suie of 30 degrees, 
and so on, a# tar as the sine of 90 degrees, which is equal to the 
ituliu^ of your semicircle; for it meets the center of it, as you 
may perceive. 
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Kub out jour upper quadrant which 
bocoiues buptitliioiis. 



Diaw a iii^ht line fioin the point 0, parallel and f*qual to the 
sine of t)0 dej’O'es. Tliis is to be }our scale, upon which you 
nmst ne\t ti.insfer the lengths of the vaiioiui perpendiculars, or 
sines, It piesenled in \our figiue. 


rioni .ill tlie points of dnision on the arc of youi quadrant drop 
peipendii ulais to the last diauii li'ie. 


C’oinuK 1)1 ini’ fioni tL« point 0 , mark the 
vauoiis points of dnisjon thus made upon 
Aoiii last (liawn hiu, Mith the numbcrii 10, ‘20, 

O, 10, >0, \l. ike. as fdi as 90. 

0 10 20 JO 40 50, &c. 

It sou pin atteiitii n to >our fii;iue, sou inav peiceue that the 
ciiMsions, thus made and niunbeied upon the abuse line, aie equal 
to fin bines of 10, '2\), ’O, -10 ilogice-., &c. Consequently this 

I ne foims a Jigului Male ol sines; so tiut youi problem is pei- 
ioi nied. 



The oiignial seniiciule used in coiisliacting your scale w'as 
placed in a piatn idar position ineiely as being the most convenient; 
but the opeiatioiis wouid, of course, have been equally correct, 
had it been placed in any other position. 

Rub out vour figiues. 

DE F, <)H. The tangent of an arc is a right line drawn from 
•ne cxticmity of die arc, touching the ciicuinfeietice, and bounded 
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by a radius produced through the other extremity of the said 

arc. 


Write the words tangent or an arc. 

Describe a semicircle: divide it into two 
arcs by a point, and dot one of these arcs, of 
which we shall take no furtlier notice. 

Draw a radius to the other extremity of your arc : I mean tliat 
arc which is not dotted. 

From that extremity of the diameter, Mhich bounds one side t>l 
the same arc, raise a perpendicular. 

This perpendicular will touch the rircumfeieiice. 



Pioduce the perpendicular and the last 
drawn radius, until they meet each other 
and form au angle. 



The perpendicular thus drawn is die tangent of your arc, being 
bounded on one side by a produced radius, and on the other by a 
diameter, both of which pass through extremities of the arc. But 
if the perpendicular were longer or shorter than the above propor¬ 
tion, it would not be a tangent to the arc which you have drau ii, 
but to some larger or smaller arc. 

Write the words tangent of an arc. 

The tangent of an arc takes its name from the number of 
degrees of a circle, wliich the arc contains; and may, for 
instance, be called the tangent of 30 degrees j or the tangent of 
SO d^ees> Su;. &c. 
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DKV. 90. The secant of any arc is a right line drawn from 
the center through t)ne extremity of the arc, and lenninated by a 
tangent drawn fioni the other extremity of it. 

Write the words sr.rANT or an akc. 

The produced radius of your present figure is the secant of the 
same arc, of which you drew the tangent. 

Any line cutting a circle is a secant, as was before observed, 
but unless it w ere bounded in the manner above mentioned, it 
would not be the secant of jour present arc. 

l?id> out ^our figures. 


PROBLEM LVIII. 

TO MAKK A SCALE OF TANGENTS. 

Draw' a quadrant of a circle, placing the center of it towards the 
bottom of \our slates, and divide the curve into nine equal parts, 
each of which will be equal to 10 degrees. 

Here the Teacher will exemplify. 

From the outward extremity of the lower radius of your 
qp-idrant raise a perpendicular, which will be a tangent to the 
curve. 


The Teacher n ill c veiaplif)/. 

From the center of the circle draw secants through those seven 
Jivisions of the curve which arc nearest to the said perpendicular; 
and produce them until they meet the perpendicular. 

VOL. T. 


o 
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TAe Teacher ?// eiemplij'if. 

Placo the fisiinp O al the point lioin 
whence the pcipeiuliciilur is raised, and 
from thence mark die reinaining points 
into which it is di\ided b\ the uumbejs 
10, ‘20, 30, 40, 50, (iO, and 70. 

Tllie pcipcndicnlai thus dnuh d and 
numbered is a scale of tangents. Yon 
will tliercfoie wiite the words ISca/e of' 
Tanzents near it. 

O 



IlKM\HKS ON PnoiO.rM LMIl. 


There is no tangent of 00 degiees, bet ause a s» < ant tliawn 
through the €\treniit\ <*f* the arc <*1 <)<’ degiet s, or thioniili the 
extremity of the tpiadrant, would be paiallei to tlu peipendicnlar, 
which ser\ts for }oui scale. ConsequeiitK the\ will nt>l nu el 
although pifxluced e\er so far. 


In regular scales of tangents, width ait thawn on the ivoiv 
lulers afiose ineiitionixl, it is usual tt> cans tht' divisions and sub- 
thvisions no farther than 75 degnx s ; because to extend them 
abo\e that proportion would letjuire scales immodeiately long. 

The tangent of 45 degrees is equal to th«‘ radius of the 
quadrant; consequently when a slope of taiili is set off at an 
angle of 4j degrees, the base of the slojii' is equal to its height. 
This is %erv conmioii in field works. 


^lortars are also generally laid at an angle of 45 degrcc.s. 
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PROBLEM LIX. 

TO MAKfi A SCMLE OJ’ SECANTS. 

A scale of secants cannot be made, without first going througii 
all the operations tiiat are necessary for drawing a scale of tangents. 

]u doing this problem separatet^f it rcill therefore he necessary 
for the Teacher to go hack to the last problem, and cause the 
Icarncis to perform the operations therein contained, after which 
he zcill proceed as follows. 

On t! le scale of tangents, which jou have made, you may 
ol)scj\e, that the lines drawn through the several points of division 
inaiked cjn \tmi <|iiadrant, are tlie secants of the various arcs 
bounded l)\ ihese points. 

Consequonlly the only thing necessary is to transfer these 
.-ecaiils to a regular scale. 

l^joduce, beyond the curse of jour cjuadiant, that radius of it 
whi(h is parallel to jour scale of tangents. The line thus formed 
is to be join required scale of secants. 

The I'eai her Will eiemplif)/. 

I'roni the center of jour quadrant, as a center, witharadiu.s 
eijual to the secant of 10 degiers, ilescribe an arc meeting the 
produced radius. 

The Teacher ivill exemplify. 

From the center of your (piadiant, with a radius equal to the 
secant of 20 degrees, desciibe a second aic also meeting the 
[iroduced radius. 

The Teacher will exemplify. 

In like manner, using always the same center, with new radii 

o 2 
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respectively equal to the secants of 30, 40, 50, 60, aiul 70 
degrees, desciibe arcs also nteeting the pioduccd radius. 

The ccntei of u>»ir quadiaut is tlie conimeiu eineut of \our 
scale of secants, from whence ail measurcinciUs should he 
taken; and \oui produced radius, now that it has been divided b> 
tlie abo\e aics, is the lequucd scale. 

At the extremity of \oiii oiigri- 
nal radius, that is to s,i\ at the 
point fjoin whence it be«nis to be 
pioduccd in oidei to fojiu the 
scale, \ou will not place any 
nuinbei ; and in a finished sc ale 
you would rub out that jioiut, 
because it coiicsponds with the 
length of thc^ secant <»f an aic of 
no degiees, which is not ot any 
use. 

'Hie lemaining points of diMsioii 
marked on your )>ioduccd radius 
must be iiiiinbered legulaily fioin 
thence, with the iuiinb» is 10 •<), 

30, 40, .50, GO, and 70 . 

Number them accordingly, and wiite near your scale the words 
Sca/e of Secanfs, in order to distinguish it fiom the Scale of 
Tangents which you have already drawn. 

. A scale of secants is seldom made longci than 75 degices, foi 
the same reason which applies to a scale of tangents; and the 
secant of 90 degm s, like the tangent of the same arc, is impos¬ 
sible, because if you piodiue it e\cr so far you will find no end 
to it; it being parallel to the tangent whiih it ought to meet. 
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Tn CiCometiT, ^^’helJ any line is in this predicament it is said to 
be ot‘ intinile length. 

Write the words Tiir. tangent or <)0 Dr.GiiEES is or infi- 
MIF. l.EN(.TH. 

Write also the stcant or 90 degrees is of infinite 

ei:n (El 11. 

When scales of chords, sines, tangents, and seeants, are all 
marked together upon the same i\or\ or wooden rnlcr; it is ahvays 
nnderstood that tiie (jiiadrants u>ed in eonstructing the whole of 
them must be dtseidiid lioni the same radius; otherwise these 
scales would not he propoitionid to c acli other, and conse(|uently 
< ould not be' made U'-e of in the same operation. 

1 In fori* ol)sei\ed, tliat in a scale of chords the radius is equal 
to till chord of ()() degrees: in a scale of sines, it is equal to the 
''iiie of 90 degieos ; in a scale of tangents, it is equal to Uie 
laiigeiit of 4o degri es : hut in a scale of secants, the radius is of no 
\a!iu ; heeauM* it is shoit( i than the secant of the smallest possible 
aie tliat can he diawn. 

A scale of seeants is the least useful of any which you have yet 
drawn; because ail the operations, in which it niiglit he employed, 
tan be pel formed without it, !)> means t)f scales of sines and 
tangents ; and these lasl-meiitioiicd scales are more convenient for 
pi ac lice. 

Jf you have paid proper attention, so as to understand the 
\arious instructions which have been eoinmuiiicated to you, and 
the operations which have been perfoiTned; you have now learned 
enough of Practical Geometry, and may commence Plan- 
Draw'iiig. 



DIRECTIONS AND OBSERVATIONS 


RESPECTING THE 

BEST MODE OF INSTRUCTION 


SlTli directions, as were Hfccssaiy for c\plainiii|; du- i^rneral 
principle, upon wliicli the above Com sc of Piaetieal (Jtoim ti v 
ought to be conducted, have alivadv been givtMj. 

Further end more ditailed iliitetions shall now be iwhhd, which 
arc of essential iinpoitanee, but could not have been iutiodiiced 
into the body of the Course, without cuallu «4 confiiMou. 'I’hese 
directions are calculated to obviate oi iiiu<o«' the vaiiou^ dilVu ulties 
■which will be found to stand in the way ol iinpiovt uient : tin v aie 
recommended in consequence of much obseivation ami relhclion : 
and they will apply not only to Piactical (ieoinetiy, but aho to 
the elementary parts of Fortification eonlained in the Kinuinder of 
this Course, which may be taught e.vactly in the same manner, 
actual experience having fully pioved the efficacy of this system 
of instruction, in both these branches of study. 

In carrying on the Course, the learners should be placed in 
jow’8, upon forms or benches w itli narrow tables before them : and 
a stage or platform should be raised at one end of the room, for 
the Teacher to stand upon w liiist he delivers hi.s instructions; in 
order that the whole class may be able to sec dislincljy every thing 
which he writes or draws upon the board. 
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I’he Tcaclior must alwa}s give the word attention,” prc- 
AioiisJy to reading aiiv definition, older, or remark from the book; 
and ought to lake paiticiilar rare to see tliat this caution is obeyed. 
He should read every thing in a loud voice, and in a slow, clear, 
and distinct manner. Jt is also often pioper to read the same 
di'linition, caution, oi title of a problem, twice over. 

W hen it is proposed to I’ommenci* teaching a set of men totally 
nninstiiicted, they must be di\idl'd, cither by sitting on distinct 
seats, or ollierwise, into parties of not moie than six or eight men 
eadi. In a veiy shoi;k.iime, three oi foui days, for instance, the 
Tcadui will he able to distinguish the diffeience of talent in the 
liain. is; and will accordingly plai e those men who show most 
ability and atti'iition at the head of their seat oi class, who will 
fioin that time be ealied monitois. I util lie asceituiiis who arc 
lilt' iiio t fit I'oi monitois, he must inspcrl the perfoimaiHO of every 
man )nin''dl. AfUiwiids he will inspect only tlie performances 
of tin sc monitois, Jf In linds that they have imdeistood his 
dm (lions, and (\eeiited tilt Ill eorreetly, he will order them each 
to insptct iheii scat, width will bt tlone accoidingly ; but if any 
moinloi slioiild be wrong, he will go on inspecting the perforin- 
aaei of tin'sei oud, thud, or fourth man of the same seat; and 
wlioevt'i is light must be imnn‘diatdy prumoud to the head of the 
St at, m plate of the foimer inoidtoi. 

In tins manner, one Teacher may instiutt ihiity men at the same 
timi', with great facility. For if we suppose these men to be 
placed in live seats or lows, or otherwise to be divided into five 
parlies of six men each ; then there w ill of course be five beads of 
seats or monitors. Ulie Teacher will consequently have to 
examine the performances of five monitors; and each monitor 
will have to examine five learners. 

But if the number of learners much exceeded thirty, for 
instance if there were sixty meu employed at the same time; 
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then it would be necessary to have an assistant teacher in addition 
to the monitors. Tlie principal Teacher, after j?i'ing his direc¬ 
tions, and cxemplif>iiig them upon the board, would inspect the 
performanct's of tivc monitors: tlic assistant Teacher would in 
like manner inspect the performances of five other monitors; and 
these ten monitors would Cach inspect the perfoiinanccs of five 
leanicis. Out of sixty men, taken indiscriminately, althongli 
none of them may ever have had any previous iustriictioii, ^ou 
will always find some one of sufficient capacity to be able to act 
as assistant Teacher, after a few days’ trial. 

Sixty meu may convenientK l)e Instiucled at the same board, 
if a room sufficiently large can be had for the purpose; but if the 
number of learners much exeteded sixl}, it would be best to 
divide them, and place them in separate looms, under different 
teachers. ♦ 

It was before ohsci-ved, that the Teachers must take particular 
care, that the ablest man of each < lass or scat is placed at the 
head ; and that every time the head of the seat commit', an error, 
he must be made to resign Ins situation of monitor to the next in 
succession who happens to be right; In like mannei, the heads 
of seats or monitors, in examining the pi*iformimces of tlie men 
under their charge, are to see that evciy man who is coireet in his 
operations, shall sit aboNe those who make an> eiroi. Tin* 
learners arc also to be directed to claim their right and appeal 
to the Teacher, in case the monitor or head of their seat has 
neglected to promote them to a higher jdace, wlien entitled to it. 
In short, too much attention cannot be paid to this most essential 
point; without which there can be no emulation, slovenly habits 
will creep in, and little improvement ensue. 


* A class of sixty men rrquirps a very large room. Necessity would 
therefore in most ra.ves oblige a greater number to be divided, even if it 
were not more convenient in other respects. 
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VVlien tlie Teacher wisltes to examine what has been done, if the 
operation is of such a nature, that he can judge of its accuracy by 
inspection, he v\ill give the word “snow slates;” upon 
which tiie learners will hold up their slates in such a position that 
a person passing in front of diem between the rows of seats, may 
be able to inspect their respective perforiiiances with ease : con¬ 
sequently every learner must have the back of his slate turned 
towards hiinst'lf. After any man’s slate has been inspected, he 
\\ ill put it down on the table in its proper position, without waiting 
for the rest of the class. 

This method of inspection will apply not only to all the words 
and phrases, Avhich the leain<'r.s may b<‘ directed to write, but also 
to some of the siinph' tiguu-s used for illustrating the deftuitions, 
and even to some of the stejis of the problems. 

When the operation i.s of such a nature, that the accuiacy of it 
cauiir>t be known b} nieie inspeetioii, but lequires measuieineiits 
with the compasses, or the use of the tiiuugle and ruler, the 
I’eaeher will then give the word “ vhove i iolkks;” upon which 
each learner will be ready with his iiistrumeuls to show the Teacher 
in what maimei he perfoimed the last dliecled operation, or drevi 
the last stej) of the figure, which appears on his slate. 

Tlic Ti’aeher might idso prove the accuracy of the pcrformaiices 
of the learners, by taking up their instruments in passing, and 
therewith examining the respceti\e performanees himself: but the 
former method is much better, because it often happens, that a 
man may have performed his operations accurately, whilst at the 
same time he used his instruments in some aw kward, clumsy, or 
incoiivcnieul mtiniier. This will be a great bar to further improve-, 
merit, which the Teacher will not be able to remove, unless he 
makes the learners piove their own figures themsclve.s in his 
presence. 
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As soon as the Jcariicrs -have perionnecl any operatiun required, 
they are to lay down their instninients, and sit upright without 
touching the table, as a signal that they have finished. When 
die Teacher sees that tlie whole have finished, he will either gi\e 
the word “ SHOW' slates,” or “ prove figures,” or such other 
word ol' coinmand as he may judge projxT. 

I'hc learners, who have performed any operation, are never to 
move llieir slates, except when tiie wold snow sI.-vti'.s” is 
given. After all the other words of coiiiinand, tiiev will sit alien- 
t!\ely waiting to be examined. 

It is a general rule in respect to the problems, as has been 
stated in various parts of the Course, that each of them siiuuld at 
first be performed two or three times o\i r, Ik fore the Teacher all<»w s 
the learners to proceetl further. Sometimes it max even be prf>pci 
to repeat a problem oftener than three times. After the pn»blein 
has been performed once or twice, the 'readier max, if he thinks 
proper, meivix read the various directions ncre'-sarx, and cause 
the learners to execute them step h> steji, without diawing an\ 
figure on tlu* hoaid for their guidance. 

When he follows this method, llie 'i\.idui nutsl l.ike can' to 
caiilion the leaineis that lliex are not to pel form an> operation ol 
tlie prohU m, ulliioiigli tliex max p<'ilc‘etl\ nndeistainl the whole ol’ 
lliem, until l!ie direetioii for prihuiiiiiig llial partu ulai operation 
shall have been lead, 'nils is neiessaix, to pievent tin* learners 
horn woikin^ ineclianjeallv, without uttviidni" to the dilutions of 
the Tea< her; which tli(‘> will alwaxs Ik' apt to do if left to 
iheniselxes. In older to inforcc proper eihedience to this rule, 
every man, who oxeisU'ps the directions of the 'rcai ln r, must 
lose his place, allliough he may have been going on peilVcllx light 
..in otiicr respects. 

After a problem lias been two or three times rc])eatcKl in the 
usual .form, and the slates cleaned for another lejK'tilion, the 



DIRECTIONS, &c. 


«03 


Teacher may simply give the following word of command, ** per¬ 
form THE SAME problem AGAIN.” Ill this casc he will 
neither road any of the directions, nor draw any figure upon the 
board for their guidance, but will leave the learners to perform the 
whole of the operations necessary, according to the best of their 
recollection. This method is a good trial of ability and attention, 
and should therefore be used as often as tlic Teacher finds it expe¬ 
dient, particularly towards the end of the Course, when tlie learners 
ought to be able to comprehend ever} thing uith facility. 

9 

y^t the end of a [)r(»blcm, whether performed sk by step or other¬ 
wise, the Teaehei should gi\e the word explain methods.” 

Then, in going round to inspect tlie perfonnanees, he will cause 
each of the monitors to gi\e an account in what manner he per¬ 
formed the \ari(ms oj>erations which were nece^sar} lo complete 
the figure that appears ujK)ij his slate; an(t the monitors, in like 
manner, after being thus examined, will refpiire a similar expla¬ 
nation from ( arh of the learners under tlseir resju'CEve cliaige. 

In explaining the method, according to which they performed 
any problem, it is necessary that tlie l<'arner.s, when thc\ say that 
they used an\ parti('ular point as a center, or that they described 
anx arc, or drew any line, should always, as the} go on, point out 
to the Teacher or monitor, who examines them, the particular 
point, arc, or line, to whii'h they allude. 

Let us suppose, for instance, that problem (>, 
which relates to the making of an equilateiai 
triangle upon a given right libc, has just been 
performed; the follow ing figure w ill then appear 
upon the slates of the leariieis. 

Before we proceed further, the various points, arcs, and lines 
on the above figure, shall now be marked with small letters of 
tlie alphabet; in order that this-mode of examining the learners 
may be more clearly understood : but it is to be observed, that in 
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real practice no Icttcis would be ti«icd. In the 
present instance, they arc only intended for the 
information of such readers as ina\ not have had 
an opportunity of seeing tlie Course actually 
carried on. 

Tl^i^ being premised, we shall now suppose that the word 
“ LVi’LAiN methods” IS given. Each learner will then gi\e an 
account of his operations in the following inannei. 

Jlere the learner is supposed to speak. 

“ I first diew llii>> line (pointing to the line niui/ud a b in the 

figure) to iepie‘«ent the given right line. 1 took the knuth of 
“ it in inv roin[>asscs, and from this e\tieinit\ ol it (pointing 
“ out the point a> as a tenter, 1 desciihed this aic (pointing, to 
“ the are c d). 1 then look this olhei estieuutv of nn given hue 

(pointing out the point b) as a ceiilei, and with the same lathus 
“ as bcfoie, 1 deseiihed this st cond are (pointing to the an e f). 

From the two evtiemities of mv givtii tight lint, 1 tin n diew 
“ these two lines (pointing out the lines a g oiid b g) to tin* point 
“ of intersection <if iny two ares (pointin'j to the point g). 
“ This completed tlie ci|nil:itcial tiiangle whiili 1 was dneetid tt> 
‘‘ make.” 

This may seive as a spe< iiin'ii <tf the piocc's of ('\[)I<nniug 
methods. Some men will of eoin>e Ix* ahl<‘ to esphtin theins« 
mote clearlv, and in belUi lanirnage than olhtis. If the 'I’eather 
^ees that thev thoiougidv nndtiitand what tins have been doing, 
lu' will not be too paiticidar in objeeting to tiie manner in whieh 
the learners explain their methods, ptovided tin 7 make use of 
proper geometrical terms. But whenevei they make use of such 
terms as striking a line, instead of drauing a line; stiiking 01 
.sweeping an aic, instt'ad of deserihing nn are; iir when they talk 
^of two lines being square to each other, instead of being perpen¬ 
dicular; he must always be sure to correct them. Indeed, one 
principal use of the practice herd recommended, is to oblige the 
learners to pay proper attention to the geometrical terms. 


c. g.f 
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For tlie same leasoii, tlic Teacher either before or after he 
requires a learner to explain the method, in which the latter has 
pei fortued any problem, may sometimes put the question, “ What 
have you done ?” The answer which the learner ought to make 
should eorrespoiid nearl} w illi the title or heading of the problem. 

I'or instance, after pei forming the sixth problem, a learner 
might sa\, “ Upon this gi\eii line (pointing to the line a b) I 
“ lia\(‘ desciibed this equilateral triangle (pointing to the triangle 
“ a b g).” 


As ihoic are more nu'thods than one of performing some of the 
prohleins, the leaineis in theii answt'is to the abo\c question 
should also state \^ilat method tiu y follo\Aed, in respect to 
these particului pioblcms. 

I'or instance, after pelfoiniing pioblem 1, which relates to the 
diawin<r of parallels; a learner nilglit either reply, “Through 
“ this gi\eu point, J ha\e diawn this line parallel to this given 
“ light line hy a luler and < oinpassesor if he used the second 
inetliod of peifoiiniug the same piohlem, he might say, 
“ Through this gi\t‘n point, 1 have diavvn this line, paiallel to 
“ tliis given light line, hv a tiiangle and inler.” 

I’lic vvoid “ iMiov n not should never be used at the end 

of a jnohh'in, this vvoid of coininaiid being onlv applicable to the 
simple tigiiies which aic diavvii for the purpose of illustrating the 
(Iclinitions, oi to the pieiiniinurv opeiations in a problem, when 
pel foinied and examined, step by step. lint it is to be understood 
that even when the vvoid “ l\i*lvi\ AinTiiODs” is given, the 
learners should in geneial not only explain their operations in 
words, blit also piove the accmacy of them, as they go on, by their 
instinmeiits. If, liowever, the Teacher, after long trial, finds 
that any of the leariieis aie always acciiiate in their opera¬ 
tions, the proving may be dispensed with, wlieii lie examines 
these individuals. 
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It may often happen, even when llie word ** snow slat ns” !•» 
proper; ftiat Uic Teacher, or monitors, in insi-tectiiij^ the perforin- 
aaces of the learners, may have doubts as to the accuracy of sonic 
poticular individual: in that case tliey will require him to prove 
his ft^ire. 

For instance, if we suppose tliat the order weie given to draw 
an acute or an obtuse angle. In general the accuracy of either of 
these operations may easily be know n- by inspection: but if 
tlirough carelessness, oi from not having well undeistotul the defi¬ 
nition, any of the learners should happen to draw aiigh s nearly 
I'esembling right angles; then it would, of course, be necessary to 
make tliese individuals prove their figures. 

It is not advisable to go through the whole ctiurse of Practical 
Geometry at once. The Teacher should therefore divide it into a 
certain number of portions, such as he judges convenient. After 
going through each portion, he must examine the learneis in lespcct 
to what they have done, not questioning them upon the various 
definitions and pioblems, in regular order, as they stood in the 
Course, but selecting them at random. 

If, at any of these examinations, he finds the learners imperfect, 
he will cause them to go through tlie same portion of the Course a 
second and even a third time; exaniiiiiiig them each time, before 
he allow’s them to proceed fartln r. 

When the Teacher conceives that the learners arc perfect in one 
portion of the course, he w ill make them begin a second portion of 
the same, but still adhering to the above system: and thus he will 
go on, taking one portion after another, always having recourse to 
Repetitions and examinations, until the whole in finished. 

The parts into which the Course of Practical Geometry may 
conveniently be divided are as follows. 
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DIVISIONS OF THE COURSE. 

1st. From the beginning of the Course to Definition 70, inclu- 
sive (ending at page 44). 

2d. From the commencement of the Explanation of the nature 
of some of die principal Solids (in page 44), to the end of 
Problem 33 (in page 71^. 

3d. From Problem .34 (in page 71), to the end of Problem 48 
(in page 100). 

4th. From Definition 87 (in page 100), to the end of the 
Remarks on the supplementary Problems (in page 149). 

6th. From the commencement of Problem 52 (in page 149), 
to the end of the Course. 

After each of these portions or divisions of the Course, the 
learners must be i*xamiiied, as was before observed. 

As far as regards the definitions, the examinations must be con¬ 
ducted in three different W'a3s. 


1:\\M1NAT1()N.S IN RF.SPECT TO THE DEFIXmONS. 

METHOD 1. The Teacher will name any term of Geometry 
and make the leanieis define it, by putting questions to them; for 
example : 

Question. What is a solid ? 

Amu'er. A solid is that which has length, breadth, and tliick- 
ness. See Dcf. 1. 

Question. What are the boundaries of a solid 

Answer. Superficies. ♦ 
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Question. What is a superficies P 

Answer. A superficies is Uiat which has length and breadth 
cmly^ but is supposed to have no thickness^ it being merely the 
boundary or outside of a solid. See Def. Q. 

Question. What is a plane superficies ' 

Ansuer. A plane superficies is that uliicli is perfecth even; so 
tliat if you lay the edge of a ruler upon it in any diication, the 
ruler will touch it in e\ei\ point. See f)ef\ ,'J. 

Question. What is a curved supeificies ’ 

Answer. A curved superficies means a crooked oi uneven 
> superficies; and is such as will not agree with the edge of a straight 
ruler laid upon it in any direction, &r. .See l^ef. 4. 

Question. What is a line ^ 

Answer. A line is the boundary of a superficies. It is that 
which has length only, but is supposed to have no breadth nor 
thickness. See DeJ\ 5. 

^ In like manner, every definition in the Course may be made the 
subject of a question, which the Teacher will put to the learners. 
In their answers, it will be sufficient if tliey give the correct sense 
of the definition required, although they may not use the same 
W'ords which are found in the book. 

For instance, if we suppose tlie question to be put—“ What is 
a right-angled triangle f ” See Def. 30. The answ er according 
to that definition ought to be as follows : 

** A right-angled tiiangle, is a triangle which has one right 
angle/' 

But the reply would be equally correct if, in answering this 
question, a learner were to say : 

“ A right-angled triangle is a triangle which has two of its sides 
perpendicular to each other.’’ 
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'rherc will be many instances in which two answers equally 
appropriate may be made to the same question- The Teacher 
will therefore keep this in mind, and not object to any answer 
merely because it is couched in different \iojds from those used in 
the hook. 

Enou"h has now been said upon tliis m()d<‘ of examination, 
which is seal Cl ! \ lijble to error. 

d/ fjTJIOJ) 2. The second mode of exainlnutioii in respect to 
the definitions i>. exactly the reverse of the fornur. It consists in 
diawiiiix, desv iibinjr, or exhibiting some line, tlgiire, or body, and 
nskin<; the learners the geometrical leiin or name of it. 

For example. 'The Teaclier may sketch out figures on the 
board of various kinds, one at a lime; and according to the nature 
of his figiues he may put the following several questions. 

Question. Supposing that these two sides of the triangle, 
which I have Jnst drawn, are peipendicular to each other, what 
kind of triangle do you call it ? 

AusTcer. A right-angled triangle. See Def. dO. 

Question. Supposing that its three sides are all of different or 
iinctpiul lengths, what name do you give it in consideiatioii of this 
circumstance f 

Ansner. A scalene triangle. See Dej'. ‘J8. 

Question. Supposing that the three sides of the new triangle, 
which I have just drawn, were all equal to each other, what name 
would you give it ? 

Ansner. An equilateral tiiangle. See Def. 22. 

Question. >\hat name would you give it, in consideration of 
the nature of its angles ? 

Anszeer. An acute-angled triangle. See Def. 29. 

VOL. 1. I* 
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Question, Supporting that the triangle, \%hich I liavc jubt 
drawn, had one obtu&e angle, hat name \\ ould 370 U give it ? 

Answer. An obtuse-'angled triangle. See Def. 32. 

Question. Supposing that two sides of it are equal to each 
othei, what name would }OU gi\e it in consideiatiun of this ciicuiii- 
stance i’ 

Answer. An isosceles tiianglc. See Def. 27. 

Question. Supposing that the qiiadiiluteiul figuic, whitli 1 li.i\e 
just drawn, has all its four sides equal and its foiii angles all light 
angles, what name do >ou gi\c it: 

Answer. A squaie. See Def. '30 and Pruh/eni 

Question. Supposing that the angles of the qnadiilaleMi 
figure, which I have just diawn, are all right aiigiis, but Uut its 
sides are not all tqiial; whai name do }oii gi\e it' 

Ansuer. A rectangle. See J)ej. .33. 

Question. Supposme that in the quadrilab’ial figure, wlinh 1 
ha\c just diawn, e^eIy tv\o opposite pair of sides aie pnralKi to 
each other (hcie the unites are supposed to fie oblique), \\hat 
name do jou give it' 

Anshet. A parallelogram. Sec Jhf. 3\ 

Question, 'llie light-lined liguie, which 1 Iid\e just diawn, has 
&i\ sides: supposing tliat these sides arc all equal to each oUict, 
what name do }OU give it: 

Ansuer. A regular hexagon. See Defs. 41 and 32. 

Question. You see the piece of wood which I liavc now m 
my hand. It has six faces or sides; each of which is a square; 
and all of which are equal. What name do you give it ? 

Answer. A cube. Sec Def. 73. 
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Question. Observe this side of it. If I apply a ruler to it 
in any direction, it always agrees with the ruler in every part. 
What name do vou give it? 

Answer. A plane superiicies. *See T>ef. 3. 

Question. Observe the side of this other piece of wood. It 
will not agree with the ruler when applied to it in various directions. 
What name do 3011 give it? 

Answer. .A ciiued superficies. See Def. 4. 

In the two nutlhods above mentioned, the Teacher must put 
(juestlons to indlvi(hial<; for instance, to one of the monitors, or 
to tlie s(C()n<l, thiid, or fouith man of a seat. If they cannot 
answer, he will call upon some other man of the same seat. And 
if no one of that s»;at can answer, he will call upon any man of the 
whole class. 

Ill the following methods, the mode of examination is not ear¬ 
ned on indi\idiially, but generally. 

METHOD "j. Tlie Teacher w’ill give out tlie name of any 
geomeliical line or figure, and order the learners to draw it. For 
instance, he inav issue such orders as the following. 

Draw a cnived line. See Def. B. 

Draw a mixed line. See Def. 9 . 

Draw two parallel right lines. See DcJ. 10 , 

Draw' two parallel curved lines. See also Def. lo 

Draw a curve and a tangent to it. See T)if. 11 . 

Draw an acute angle. See Def. 17- 

Draw' a right angle. See Def. 10 . 

Draw an obtuse angle. See Def. 18. 

Draw a scalene triangle. See Def. 28. 

Draw' an equilateral ti'iangle. See Def. 22 . 

Draw an isosceles triangle. See Def. 27- 

V 2 
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Draw an acute-ansjled triangle. See T)ef. 2t). 

Draw a riglil-angled triangle. See T^ef. ‘>0. 

Draw an obtuse-augleti triangle. See Def. 32. 

Draw two or tlirec parallelograms. See Def, 31. 

Draw a sqiiui’e. See Def. 3(3 attd Prob. [). 

Draw a rectangle. See Def. 3.3. 

Draw a trapezium. .Sir Def'. .3;). 

Draw an irregular pentagon. See Dtf 4 }. 

Draw a regular hevagoii. Sec DeJ. 14 and 'el. 

Draw an irregnlai decagon. See Def 4S. 

Draw an arc and (he chord of il. See Def. .'»S and 3}t. 

Draw a scctoj. See Dif (»>. 

After issuing an\ ortler of the al;o\(‘ natiiu*, lh<' 'IVacher will 
eitlur give the wool “.‘.now si,ati:.s,” or “ !*ko\ k riciRr.s,” 
as may he m*.*'! »,\pedi«Mit; after w hich the pel forinance*'»»f the 
]('arncrs will lu ('arniUMl m tiie u^u:d inainier. 

It now on}\ remains to explain the mode of examination which 
'•hould lie n'>(‘d in respect to the Prohleins, which is sulliciently 
NUnpIc'. Indeed, the nature of it might be iidciod from what has 
alreach been *>aid. 


Mr/l ilOli OC f.\\ 3 I 1 \A ritiN l\ 1 U‘>P 1 XT iO TIIF. 

IMIolil.LlJ.s. 

When lln' ieainei> are inidc i ♦ xainiuatlon in ^ome poition of the 
Coujse, the "1 c^aelicr %vill Icrt an\ problem lln'iein euntuineci, 
and alti! reading the title or healing of it, and the particular 
method which i.s to be use d, if tljerc aie more iricihods than one, 
he will ordc'r the learners to pcrfoini it. After glwng this order, he* 
is not to aifoid tliem any assistance by leading furthei dliections, or 
hy exemplifying u])on the boaid. 

% 

When he sees that they have finished, he will give the word 
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“ EXPLAIN METHODS;” and sec that the performances are duly 
examined, in the manner before directed. 

WIm’U this is done, he will j)rocecd to a second, a third Problem, 
&c. always selecting them from the same portion of the Course, 
which is the subject of examination; but not in regular order as 
JLh cy stand in the book. 

AVIien th(‘ learners aie under examination, the Teacher must 
always intermix the problems and definitions. In stating the above 
methods they wcie dnided onU for the sake of clearness. 

After two or more portions of the Course have been performed, 
tlie Tearher inav also, if h<‘ tlnnks proper, examine in respect to 
the whole of what has been done, without confining himself to 
those partlcidai poitions winch weie last performed. 

TIm* piactice of causing the leaiiu rs to explain their methods, 
and tlio cxainiiialions hciein recommended, aie of peculiar 
impiirlaiu e. 

If the '^reacher were to go on, according to the method which 
is most piopcr at the ( oniinenccment of the Course, reading and 
c xt inplif\iiig esei\ thing, without requiring explanations, and 
examining the If aniers from time to time; although it would be 
impossible for any of them to be idle, as far as regards the practical 
operations; yet some of them would, in all probability, content 
themselves with copying the figures drawn upon the board, step by 
step; without endeavouiing to understand the whole chain of 
opciations in the problems they pei formed, and without attempting 
to icmeniber, oi peihaps even without listening to the various 
definitions and remarks read by the Teacher. 

The consequence of this is, that at the first examination, those 
who have not paid proper attention are sure to expose their igno¬ 
rance ill an uiqilcMsant iiianner; whilst the more diligent men 
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distingtili^ dicmselves by the ubiiity and readiness of their answers 
and die accuracy of their operations. In order to avoid a similai 
mortification, c\erv man who has failed once, will exert himself to 
the utmost, before a new examination take** place. 

Although a body of men may have coinmcncod at the same 
time, it may be proper after a certain period to di\ ide them into 
two classes, placing those who are most perfect in the hist class, 
and allowing them to go on regularly with some new poition of 
the Course, whilst the others may be made t«i dt> the whole, or 
vome part of what they have already pci formed, o\cr again. 

"Whenever a body of men are under iii«‘tinrtion; if they air 
allowed to change then seats at will, oi to vit in the same ordtr in 
which tlicy placed themseKes at llie conimeiKM'im nt of the Com sc , 
it will often happen, lli.il four or fwe men of \cry .sujn iioi s 

may all be seated togetliei, whiUt in some otber seat most part ot 
the men may be below’ par in point of rapacity. If tliey remain 
in this confused state, it will be ditlicnll or impossible to jiidiii* 
truly of the comparative ability ol the leaiiurs, which, in tin 
Royal Engineer department, it is very important to ascertain. 
The Teacher must tlieiefore cndeavoui to pul all the seats on a 
par, by dividing the men of abilities as equally as possible 
amongst tliem. Tliis may easily be done in the course of a few 
days, or at least after the first examinations; and is an object 
which should be kept in view throughout the whole Course. 
After any airangement has once been made for this purpose, the 
Teacher should not allow the men to change scats without his 
(Hxier or permission. 

If these remarks are duly weighed, and the above rules care- 
-fiilly attended to, in conducting a Course of Instruction of thU 
land, it will be found, that the greatest attention and emulation 
will be excited on the part of the learners; and a rapid and 
general improvement will take place. 
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The Course of lastruction, Iierein laid down for the non¬ 
commissioned officers and soldiers of the Royal Engineer depart¬ 
ment, although the principle of it has been sanctioned by the 
highest authorities in that branch of his Majesty’s militaiy service, 
has not yet been carried into effect a sufficient length of time to be 
fully kllo^'vn llu iugh the w'hole corps; nor can the advantages of 
“iT^et be gcn( rally felt. It may, therefore, not appear superfluous, 
if >ome further observations are added, to explain* the reasons, 
uhicli render sonic course of instruction of this kind peculiarly 
u'ieful and necessaiy; and which may be pleaded in favour of the 
particular system that has actually been adopted. 


CENniAL OBSERVATION'S. 

E\ciy person who has paid attention to the mode in which 
works aie carried on, iu civil life, knows that the overseers and 
foicnicn of tlic vaiious blanches, who are (inployed in superin¬ 
tending tlic executive pait, generally have some knowledge of 
Practical (leonietry, and lUMlerstand llie nature of plans, sections, 
and models. At the same time, officers of engineers, and otliers 
who have had an oppoitunity of judging, will allow, that artificers 
so qualified in point of knowledgi', are seldom to be found in 
the army. 

But ill garrisons at home and abroad, there are generally a pro¬ 
portion of ingenious and well-informed civil overseers and fore¬ 
men, besides a number of skilful woikmen aspiring to the same 
situations; who are cither iu permanent pay under government, 
or whose services might be called upon at a moment’s warning. 
By means of these men, added to the military aitiiicers, who 
either belong to the Royal Engineer department, or aic usually 
attached to it, from amongst the troops iu garrison, a commanding 
engineer finds no difficulty in carrying on any works of fortifica¬ 
tion, however extensive : and aldiough he cannot avoid observing 
the comparative ignorance of the military artificers, it must he 
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evident, that in such situations, an officer is not liLely to feel any 
immediate sense of tlie necessity of endeavouring to instruct them. 

When nn a;m\ takes llio field against an enemy, the case i> 
W'idcK diftcutil. Tlierc the engineers find tlieniselves totally 
dtpri\t(l of the assistance of the civil aitificers In whose skill and 
ing('miit\ they weie able tocairv on their gaiiison duties, with ea?** 
to tin uiseKes^ and ad\:uUage to the service ; 

Consequently, in c\eeutiiig tht‘ir aiduoiis duties in at tual vvaifaie, 
the officeis of enj'ineei'^ have scarcelv anv i(‘soun’e hut their ovvu 
individual e\eitions, and the assistance of the non-coininissioned 
officers and soldiers under their immediate eoininand, whose want 
of kno’.\led»;e ‘iiid i \p*‘rienec nniv then he deploud, hut caiuatt 
be reniiihed. 

It is tine that inilit.iiv aitifieds, diavvii fioin th( battalions of tiu 
line, are »>eeasioualIv put uiidii the oidiis of the nlHceis of €U"i- 
neeis in tlie !•( !d as vv» II as in earri^oiis; hut these mi n ar<‘ alvv.i; s 
inueh less tflitiitU lliau those who sutuail) belong to the Roval 
Engineer depaTlmnit; breansi' if thev weie oen more skilful and 
fietter instiucteil, which is not the rase, lhe> injum to Fie so often 
I hanged in coiiseqmnce of the ixigeiieios of thin icgimental 
duties; and can so seldom be spared witlnmt jncjiiiliee to tlie 
< ffiii(.nr> of the respeitivc eorjis to which tliev In long; that ihcii 
services in the field, comparatively speaking, are ot little value. 

Here if will be proper, before* we proceed further, to iiivc*.stigate 
the causes of that superiority of skill, which the civil artificer 
geiieralK possesses o; er the soldier who lias been brought up to the 
same trade. This cpiesliou is of the utmost iuiportuuce. Unless 
the root of an evil is truly appreciated, allVtlempts to lemove it 
. must be liable to failure. 

The skilful and well-informed oveiseers and foremen of civil 
aitidcefs, before alluded to, consist of two distinct elussc‘s of men. 
Some of them are young men, whose parents being in easy or 
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even in affluent circumstances, have given them a good education, 
besides a trade, in order to qualify them for afterwards setting up 
in some business as master mechanics; where they have before 
them the prospect of acquiring a competency, or even of making a 
fortune. Such men, it may easily be conceived, will never willingly 
enlist as private soldiers. 

Tlie second class of skilful civil artificers, above alluded to, 
consists of men, who, though originally brought up in narrow 
circumstances, yet, by dint of ability added to keen observation 
and indefatigable perseverance, have contrived to educate them¬ 
selves, with a view of rising to a higher situation. Before men, 
starling under such disad\antages, can acquire any considerable 
mechanical knowledge, they must pass so many years in the same 
habits, that tlicy become wedded to their present prospects, and 
totally a\ersc to a change of profession. 

Considering these circiimstauces, it may appear, that e\en if the 
pay and allowances of the army were doubled or trebled, it is by 
no means to be e\pected, lliat any great number of civil artificers 
of a(»proved knowledge and skill would thereby be induced to 
cuter his Majesty's service; and it will not be a matter of sur¬ 
prise, that, as is actually Uie case at present, a man of this descrip¬ 
tion seldom enlists, unless he has previously abandoned himself to 
vice and debauchery, in which case he will be an useless burthen to 
the sc'rviee, at least, as far as regaids the duties of tlie Royal Engi¬ 
neer d(‘partnicnt. 

The aitificds who enter his ^Majesty's service, are tliereforc in 
general vciy imperfectly instructed. Few of them understand 
more than the first eonimon rules of arithmetic ; and a considerable 
proportion of them are totally uneducated. As tliey enlist young, 
they seldom even liaveinueh practical skill in their respective trades. 

The manual dexterity, in which they are deficient, is, however, 
often acquired by dint of long practice, in some particular employ- 
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mcnt; M they seldom or never endeavour to cultivate their 
abilkiea and improve their minds. 

TOie reason of tliis indifference to improvement, on the part of 
ffle soldier, vbill be sufficiently obvious on a little reflection, and 
does not apply to the piivate only. 

r 

The military man of every rank, whose life is unsettled and 
uncertain, and whose subsistence b fixed, has not Uie same stimulus 
to mental exertion, as the ci^iliau; who may eitlier rise to comfoit, 
and affluence, or may iuvolve himself and his family in povort> and 
distress; in proportion as he cultivates, or neglects his abilities. 

Superficial observers aic apt to suppose that tlic compaiativr 
ignorance which may often be remarked on the pait of the soldier, 
is owing to want of capacity. But it mn) be laid down as a 
maxim, that in any body of men, however iiidisciiniinately col¬ 
lected together, there is always a latent fund of supenor talent, 
which, if proper steps are taken, may be called into action for 
the benefit of the state: and although militaiy men have less 
stimulus to individual improvement than civilians; their habits of 
discipline and obedience, and the pride, and emulation which 
may so easily be excited amongst them, render them much raord 
docile and improveable as a body, than any other class of men, 
provided their instruction b carried on under the eye of superiors 
zealous in the cause. 

The statements, which have just been made, may plead as to 
die absolute necessity of endeavouring to improve the non-com- 
misskmed officers and soldiers of the Royal Engineer department, 
ip urder duU; they may be able to render more effectual assbtance 
to liieir in the field. And if the remarks upon the causes 

df liheir comparafive ignorance, and consequent inefficiency, ate 
Ifflowed to l>e just; it must also be admitted as a natural inference, 
diatdieflt is no possffile mode of collecting, foiiniiig, and keeping 
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lip a body of well-educated and efficirat militairy artificers, except 
by instructing tlicm, according to some properly d^ested system, 
after they enter his Majesty’s service. The present Course of 
Instruction having been, composed for this express purpose; a few 
words may be said upon the form, which has been given to it. 

'^It is a very natural supposition, which may probably occur to 
any well-educated person, when he first takes up this book; that it 
might have been more advantageous in a system of Practical 
Geometry, profes-scdly intended for the use of uneducated men, to 
have greatly cuitailed the definitions and problems; and to have 
introduced vulgar terms and phrases in place of the r^ular terms 
of the ait. * 

Reflection, founded upon experience, convinced the author, 
who was at first inclined to embrace this opinion; that any attempt^ 
thus to simplify, would only impede the progress of the learners, 
and would in a great measure defeat die advantages which are to 
be expected from a more regular system. 

In the remarks on the Supplementary Problems, which the 
’I'eacher is siippo^d to deliver at the board, stiong reasons are given 
for adhering to the proper definitions and other geometrical terms. 
There is another reason still stronger. 

L'uless these ternig are strictly adhered to, the officers and men 
of the Royal Engineer department will never be able to act in 
proper concert, or even to understand each other, without a great 
waste of valuable time spent in iiniiecessaiy aud troublesome 
explanations. 

For instance, supposing that any line is marked on the ground, 
and that you order a man to lay out a second line parallel or per¬ 
pendicular to it; if he understands the meaning of these terms, 
he will do it at once witliout giving you further tiouble; but if he 
is an uuiustructed man, it will be impossible, or next to impossible 
for you, to explain your wishes, by means of w^ords alone. Yon 
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will fiad no odier method of making him comprehend you, but by 
actually marking out the second line yourself. Whilst you are thus 
employed, you waste your own time, and losi* the services of the 
person uhom you are vainly endeavouring to render r.scful; and, 
what is worse, some hundreds of men whose exertions might be 
of the utmost importance, are probably obliged to stand idle in 
consequence. Whoever chooses to tiy the experiment, mny sof.it 
satisfy himself, that it is no easy task to dcli\er himself in such 
language, as will make an uneducated person comprehend what ho 
means by the words parallel and perpendicular. 

It will by no means be sufficient, if an officei of engineeis 
makes himself nHster of the vulgar expressions, whuh may be 
supposed more adapted to the previous education and capacity ol 
the men. Hiese terms are generally nuich too vague to give any 
precise notion of what is intended. The better class of civil artifi¬ 
cers, as was before reinaiked, understand geoiiictr) ; and }ou will 
therefore hud no difficulty in communicating youi ideas to th(‘in ; 
but nothing can be more confused dian the language of uneducated 
workmen ; even of such as may have attained considerable practical 
dexterity. For instance, amongst men of this description, the woid 
SQUABE, when applied to a line, generally signifies a perpendicu¬ 
lar : sometimes, how’ever, they use it in speaking of a parallel; 
in addition to which, the same word has been emplo}ed not only 
to denote a mason's or carpenter's instrument so called, but also a 
geometrical square, a rectangle; and even a right-angled triangle. 
What is to be done with such a jargon f 

III the above Course of Practical Geometry, some probleiii't 
and definitions have been included for the sake of making the work 
complete, which may not-appear absolutely necessary, considering 
the object in view. The officer directing, or Teacher carrying the 
Course into effect, may therefore curtail, according to their judge¬ 
ment, whatever they consider superfluous. But, excepting tlie 
Scales of sines, tangents, and secants, near the end, there is per- 
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haps nothing which it would not be of advantage to the learners to 
perform, if time and circumstances permitted; because after going 
through a Course of this extent, their understanding would be so 
much improved, and their confidence in their own powers so much 
increased; that no plan of any kind of military work, in which 
they arc likely to be employed, afterwards, will be beyond their 
'??omprchension, or will even appear difticult to them. 

If the problems tow aids the end of the Course, which at first 
sight nia} upjicar lather complicated; were too hard a task for men 
of common cupacitv, it might certainly be advisable to dispense 
with tiicm. ilut this is not the case. Experience has proved 
that tlie learners after mastering the first nine or ten simple 
probicniii, arc able to go through the icmainder of the Course 
with equal if not with greater facility ; so that their progress in 
improvcnieiit i*- generally more rapid, in piopoition as the Course 
ilraws tow aids a < lo'»c. 

Ill pailieular east's only, when the lime allotted for instruction 
IS too short to admit of putting the ittamers through the whole 
< oursc of Piacliral Giometry, then the Teacher, after grounding 
them well in the most necessary definitions and problems, may 
puss ovci the icmaiudci of the Couise, and make them commence 
the piaclical pail of Plan-Drawing at once.* 

Should the men even go no fiiitht i in this latter blanch, than to 
draw by scab' a few sictions of some simple vvoiks, such as they 
iiiav have an oppoiluuitv of seeing, at the station w'here they are 
quartered, it will be of the gieatest advantage. A man who 
imdeistands this much, may always be made useful in the Royal 
l‘nigineer depaitmenl, and there is an opening for his further 
improvement, whenever a new opportunity offers. 


* It witl, however, always be adviRubic to go on regularly, at least as 
far as the end of Problem 03 Hii page 71), bcl'orc Flan Drawing is 
attempted. 
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Amoofst a number of men indbcriminately collected together^ 
dwre wiU always be some individuals of weak understandings 
incapable of making any great progress in learning. Such men 
ought to be discharged from the classes of Pracdcal Geometry, 
and employed in duties requiring personal exertion only. 

At the &rst commencement of instruction, every man, howevSiT' 
excepting those who cannot write, ought to have a fair trial; and 
no individual ought to be obierted to, merely because he writes 
badly. The ^jnorance of that class of men, who enlist as private 
soldiers, generally proceeds from the po\rrty or a\arice of tlieir 
parents, who have been unable or unw illing to educate them; 
and is therefore no proof of want of ability. On the contrary, it 
has been observed, repeatedly, that some men who could scarcely 
write legibly, have, in consequence of the superiority of their 
natural talents, made much greater progress in Practical Geometry 
and Plan Drawing, than others who were previously much bettei 
educated, and who could write very good hands. 

Tlie comparative abilities of men learning Practical Geometry 
will be discovered in the course of the first eight or ten lessons; 
after wliicb, the further attendance of those, wlie prove incapable 
of learning, should be dispensed witli; but the proportion of 
such men will always be vriy small. 

Those men also, who qbaudon themselves to drunkenness and 
dissipation, or who betray bad principles, should never be allowed 
to attend the classes of Piactical Geometiy, even if they aic 
known to possess respectable or superior abilities. I'his Couise 
of Instruction has by no means been draw u up w ith a view* to tiu' 
individual advantage or improvement of the persons instructed; 
but solely with a view to the benefit of tlie service. It is iiitciidedi 
to'qualify the non-commissioned officers and soldiers of the Royal 
Engineer department, for performing services, in the field, of a 
roost important nature, which require a combination of knowledge, 
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zeal, and fidelity. But men of weak capacity will never be able 
to do justice to such duties; and men of vicious habits or bad 
principles are not to be trusted in the hour of clanger and difficulty, 
however great their abilities may be. It is h^hly desirable, that 
some regulation were made, by means of which men of the above 
description could be excluded oi expelled fiom the Royal Engi- 
’*STber department; a branch of the seivice, which ought to be 
seh'ct in regaid to the qualifications not onl) of the officers, but of 
ihe soldiers who belong to it. 


EM) or 'IIII 

tt>l Use or PUACTK'VL (.EOMETRIt. 




THE 


PRINCIPLES 

OF 

PLAN DRAWING. 


liEFORE the Learners begin to study this part of the Course, it 
may he advisable to exercise them in drawing a few plans and 
sections of a simple nature; for some previous practice of this 
kind will enable them to comprehend the principles of the art of 
Flan Drawing with greater facility. 

The Teacher is supposed to deliver the following instructions, 
from the board, in the usual manner. 

1 shall now proceed to explain to you the Principles of Plan 
Drawing. 

Drawings are figures delineated or laid down on some plane 
surface, such as paper, in order to explain the form and dimen* 
sions, or to represent the 6utward appearance of any given object. 

There are different kinds of drawings, executed according to 
different principles and for different purposes. 

The art of Plan Drawing includes what are called geometrical 
drawings only. 

Geometrical drawings are those which aie capable of explaioii^ 
tbe true proportions and dimensions of any object 

VOL. I. Q 



026 


PLAN DRAWING. 


Hie objectii represented in drawings are generally solid bodies, 
or irregular curved superiicies; but it must be evident, on a very 
little reflection, tliat any one single figure or view cannot give a 
just notion of tiic dimensions and appearance either of a solid, or 
of a curved superficies. 

For instance, if you place yourself in front of a house, or, 
opposite to one end of it, or if you stand behind it, or look doM n 
upon the roof of it from some great height, such as the top of a 
lofty steeple, }OU will have a difiPereut view of it in all these cases, 
so that unless you take several drawings of it fixnn different points, 
it will be impossible for you to give any Just notion of the genciul 
appearance of the building. 

There are only three kinds of geometrical drawings necessary 
for explaining the nature of any object: namely plans, sections, 
and elevations. 

Write the word plan. 

A plan of any object nearly resembles the appearance, which the 
object would have if it could be viewed from a point above it. 

In order to illustrate Uiis more clearly, we shall proceed to draw 
the plan of a small building. 

In commencing a building, the first thing necessary is to have a 
ground plan, or plan of the foundation. Let us suppose that tlie 
building, which we are going to represent, is a cottage with a door 
and one window only. 

You will first draw a rectangle to represent ” 

the exterior dimensions of the cottage, that is 
to say its dimensions from out to out. 

The thickness of the walls must next be re- _ 

presented. This is done by drawing four lines 
pfuallel to flie ndes of the rectangle. 

s 

You will complete your walls accordingly. i 
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You now see that your %ure has nearly the same appearance, 
which a small building would have, if it could be viewed from any 
point immediately over it, after the foundation was b^^n. 


Doors and windows are generally marked 
in a ground plan. In order to distinguish tliem 
from each other, those lines of the foundation I ' f 
or walls which interfere with a door are rubbed out. 
mark iny door and window accordingly. 

You will follow' my example. 


I shall 


You ha\e now drawn the complete plan of the cottage. It 
shows the size of the room; tlie tliicLness of the walls; and the 
width and position of the door and window. 

By means of a plan done according to scale, it would be easy 
for you to lay out correctly the foundation and door of a small 
cottage, such as is represented in your present figures; but after 
building a few courses, you would be obliged to stop for want of 
further directions, because the plan can neither explain the height 
of the door or window, nor the height of any other part of the 
building. 

This agrees with what I before stated, namely that more tlian 
one kind of drawing of any object is always necessary: but before 
we proceed to the other kinds of geometrical drawings, above 
mentioned, 1 must add some further observations and explanations 
respecting die nature of plans. 

The plan of any object is always supposed to be laid out upon 
a horizontal plane or dead level. 

The necessity of following this rule may be understood from the 
follow’ing consideration. 

C * 
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Supp^ttbg that you wanted to Imild a house on itneven ground, 
miidi aa the side of a hill, every one knows that in laying out the 
foundation, you could not traat to any oblique measurements made 
along the slope. • 

- For instance, if you were to measure 30 feet obliquely along the 
side of the hill for llie breadth of your proposed building; it u Quid' 
of course be iiecessaiy to Ie\el the ground, before jou could lay 
tlie fir*.! floor. After this was done, jou might tiiid the space 
which sun had laid out for the bieadtli of }our building, ieduced 
from 30 feet to '28 feet, or Q.3 ftet, or even less, in pu»portioii to 
the steepness of the original slope of the hill. 

The plan of any linescti field, in which the diirunislun were 
marked according to oblique measurements made upon the sloping 
or irregular surface of the giouiid, would therefore be of no use. 

To draw the plan of any work or object, having sloping or 
oblique planes and lines, the dimensions of w hich must cons<>qucntly 
be reduced in a certain proportion, for the reason almve stated, 
more difficult in practice than the plan of a building; Init the 
principle upon which it ought to be done is suftirienll\ simple. 

The rule for lading down tlic \arioiis points of any obIit|uc 
object truly upon a horizontal plane, which e^ery plan is suppost'd 
to be, is as follows. 

The horizontal plane, to which tlic laiiotis points of any object 
must be transferred, in order to lliid their proper place in the plan, 
may either be supposed to cut the gneii object, or to lie imme¬ 
diately below or above it. 

..When you come to understand the principles of Plan Drawing, 
which I am now about to explain to you, you w ill be at no loss 
to apply these principles properly, in either of the above suppo¬ 
sitions. 
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But for learners it will be clearer to begin by supposing the 
horizontal plane to pass through the base or low'cst point of the > 
given object. 

This imaginary horizontal planc^ is to be jour guide for drauing 
the plan of the given object; and in geouutrical drawings, any 
plane supposed to be used for this puipose is called a plane of 
projection. 

Wiite the uords plane of phojectio^n. 

In icspect to such points of any object as stand upon the plane 
of projection, or uhich coincide or agree witli it, it must be evident 
that these points can give jou no further trouble, the spot where 
they actuallv stand being their true place in the plan. 

Fioin e\cr\ point which does not coincide with tlie plane of 
piojection, a pcipciidicnlar is supposed to be draw n to the said 
plane; this peipcndiculnr will maiL upon the plane of projection 
the true position of the point from whence it is drawn. 

If tlie ])laiie of piojection is sup[>osed to lie below the given 
object, tben tlie various points of the object will be above the 
phine. Coiiseqiicntlj all ihe perpendiculars requisite for finding 
the position of these points ou tlie plane of projection, must be 
dropped from the said points. 

But if the plane of projection is supposed to be above the ^ven 
object, then the various points of the object will be below the 
plane. Consequently all the peqiendiculars requisite -for finding 
the position of these points on the plane of projection, must be 
raised from the said points. 

The plane of projection, iu plans, is ulw^ays supposed to be a 
horizontal plane, as has been before observed; but eveiy perpen¬ 
dicular to a horizontal plane, no matter whether dropped or raised, 
must be a vertical or plum-line. 
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Cofisequmitly, if you suppose two plummets to be suspended 
exactly over any two points of an object, the plan of which is 
required to be draw'n ; the distance between the plum-lines, mea¬ 
sured perpendicularly, not obliquely, will be the true distance at 
which the above points ought to be laid down on the plan. 

To explain this, 1 shall draw three ob¬ 
lique lines on the board, connected to¬ 
gether, all of the same length, but sloping / 
unequally. These will represent the form of some sloping or 
oblique object, of which a plan is to be drawn. 

You will copy this, and tlie following operations upon }oiir 
slates, w ithoiit further directions, until the hgure w Inch 1 have now 
begun is completed. 

; J I ; 

From the extremities of each of the * 

three lines, I shall now' draw dotted lines, 
parallel to each other, directed tow aids tlie 
top of the board. 

• 

These dotted lines may represent plum-lines held over the 
various points of the oblique ol^ect. 

I » ; • 

I idiall marie the various points of 
my oblique object by the capital 
letters A, B, C, and D, from left 
to light. 

As the distances between the four 
plum-lines repiesented in my present 
£gure, must be measured perpen- 
jiic'tdarly, not obliquely; I aliall 
draw .a line above the {pven object, 
perpendicular to the dotted lines, to represent the said dis- 

tVIIC6i« 
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At the points, where the above 
perpendicular is intersected by the 
dotted lines, I shall mark the small 
letters a, b, c, and d, from left to 
right. 

The distance betineen the points a and b, at the top of my 
figure, novi represents the exact distance measured perpendicularly,. 
Mhich there would be between two plum-lines suspended over those 
points of the given object which are marked by the capital letters 
A and B. 

Consequently tlie perpendicular line a b at the top of the figure 
represents the exact length, which ought to be given to the oblique 
line A B, in drawing a plan of tlie given object. 

The perpendicular line b c at the top of tlie figure, in like man¬ 
ner and for the same reason, represents the exact distance which 
ought to be given to the oblique line B C, in drawing a plan of 
the given object. 

And the perpendicular line c d at the top of the figure, in like 
manner and fur the same reason, represents the exact distance 
which ought to be given to the obhque line C D, in drawing a plan 
of the given object. 

1 shall now produce the dotted lines downwards, below the given 
object: and I shall draw' a new peipendicular intersecting die 
dotted lines produced. 

a b 0 d 

1 shall also mark the various points 
of intersection upon this new per¬ 
pendicular, % the small letters a, b, 
c, and d. 
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Then at parallel lines are always at tlie same distance from each 
other although produced e\er so far, the distance between the 
points a and b, at the bottom of the bgure, will be equal to the 
distance between the corresponding points a and b, at the top of 
the figure. 

The distance between the points b and r, it the bottom of the 
figure, will be equal to the distance between the coiresponding 
points b and c, at the top of the figure. 

And the distance between the points c and d, at the bottom of 
. the figure, will be equal to the distance between the l uiiespoiidiug 
points c ami d, at the top of the figuie. 

Consequently the perpendicular distances a h, b c, and c d, at 
the bottom of the figuic, will he equal to tlic peipiuidicular dis¬ 
tances a b, b c, and c d, at the top of the figuie: and the hues a b, 
b c, and c d, at Uie bottom of the figure, ina) therefore sene 
equally well to repieseiit the respetti\e lengths which ought to be 
given to the oblique lines A B, B C, and CP, in drawing the 
plan of the given object. 

As the dotted lines represent plum-lines or \ertiral lines, the 
lines at the top and bottom of the present figure, being perpeii- 
dicoJar to tliem, must necessarily be lc\el or hori/oiitul lines; 
and, ill a drawing, Uicy may rcpiesent part of a horizontal plane. 

Consequently either of these two lines may represent a plane of 
projection supposed to be used in drawing the plan of the oblique 
object: for instance, the upper line may represent a plane of pro¬ 
jection supposed to pass above the given object: and the other 
may represent a plane of projection supposed to be below it. 

lo bodi cases, die dotted lines may represent perpendiculars, 
^ which, as I said before, are always supposed to be diawn from 
the various points of an object, to the plane of piojection, in 
order to find the true place where the said points ought to be laid 
d6wn upon a plan. 
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This illustrates what 1 before observed^ dMt in drawing the 
of anj^ thing, it makes no difference whether the plane of prcjee* 
(ion is supposed to pass above or below tlie gifen object. 

A perpend K'ular drawn from any point in a given oi:ject to a 
plane of pi ejection, ip order to determine the tnue place of the 
ilaid point for a plan oi geometrical drawing, is called a ray. 

Write the Moid r\y. 

When the wonl ray is used in place of perpendicular, then a 
ray is not said to he drann fioni any given point, but to be 
thiuwii out or projected finin it. 

The sj>ot wliere a lay, thrown out from any point of a given 
object, strikes the jilanc of piojection, is called the projection of 
that point.*' 

And as all the figures, which repieseiit oblique objects in Plan* 
drawing, aie found by means of ra}s projected, fiom the various 
points of the said objict; such figuies are often called geometrical 
piojcctionti. 

And tlie lilies or principles of Plan-drawing, which I have now 
puilly explained to you, aie sometimes called the Principles of 
Projection, 

Having explained thc'»c terms, I shall make some furdier 
remarks on our present figure. 

If we suppose a dvkc, or embankment of earth, to be cut dow'n 
peipciidiculailv, and that the figuie formed by the oblique Lues 
A B, B C, and C D, represented tlie vertical section of it after it 
w as thus cut; then the dotted hues a a, b "b, c c, and d d, show 
the manner in which it vvoiiid be necessary to represent a part of 
the said dyke, m drawing the plan of it. 
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In tlie mction you see that the lines A fi, B C, and C D, are 
tli eqind to each other if measured obliquely according to the 
slopes^ whilst the lines marhed with the small letters ab, be, 
and c d, which re|Nosent the breadth of the above slopes upon the 
plan, are all shorter than the former and all unequal, being short¬ 
ened more or less exactly in proportion to the steepness of the 
slopes. ** 

If die middle line of the dyke B C instead of being oblique had 
been p^pendicular to the dotted lines: dien it w ould have been 
equal and parallel to the corresponding line also marked b c, at 
the top or bottom of the figure which represents its length in the 
plan. 

Ckmsequently in geometrical drawings, those lines of any given 
object, which are parallel to the plane of projection, may be laid 
down in their actual dimensions according to measurement, without 
any alteration or diminution. 

Rub out your last drawn figure, leaving only the plan of the 
cottage. 

Before we proceed furtlier, I shall ^ve you anoUicr illustration 
of the above rule by means of a square pyramid. 

Here the Teacher will produce a equare pyramid. 

The |dan of any thii^ nearly resembles the appearance which 
die object would have if it could be viewed from a point above it, 
as was before stated; but if you look down upon a square pyramid 
in diis manner, you will see the extremities of its base; the vertex 
of it; and the four ridges ot oblique lines, which are formed by die 
fheedng of its sides. 

AB these pardculars must therefore be represented in the plan of 
I square pyramid. 
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According to the rule, which 1 before taid was the most conve* 
nicnt, I shall suppose the horizontal plane w plane of projectioo, 
which is to guide me in drawing my plan, to pass throii^h the base 
of the pyramid. 

For instance, if 1 place my pyramid upon a table thus CHen 
tht Teacher will exemplify)y the level surface of the table will 
represent the plane of projection. 

The base of my p}ramid stands upon the plane of projection, 
and coincides with it. Consequently the base of the pyramid may 
be laid down in a plan, in its actual proportions, without anj 
alteration or diminution. 

Tlie base of my p} ramid is a square. I shall accordingly repre¬ 
sent it on tlie board, by drawing a square exactly equal to it. 

Here the Teacher a lU ei emplify. 

The four ridges or oblique lines remain to be drawn : but one 
extremity of each of these agrees with the angles of the base, all 
of uiiich arc already marked on the plan. 

The othei extremities of these ridges meet in the same poin^ 
namely, at the vertex of the pyramid; as soon as the proper 
position of the vertex is found, there will therefore be no difficulty 
in completing the plan. 

For this piurpose a perpendicular, vertical, or plum-line, is sup¬ 
posed to be dropped from the vertex to the plane of projection. 

In the present instance, the base of the pyramid and the plane of 
projection agree witli each other: and as the pyramid is perfectly 
regular, it must be evident that a perpendicular or v^tical line 
dropped from the vertex would exactly fall upon the middle or 
central point of tlie base. 
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therefore find tlie middle point of iny 
•^Hfreaud mark it, in order that it may repieseiit 
vertex of the pyramid. 


From this point 1 ahall next draw a right line to 
ev^ angle of my square. 

The four last drawn lines Mill represent the ridges; and the 
figure in its present state is a true plan of tiie square p\taniid, on 

m 

the same scale as the pyramid itself. 

I chose a square pyramid partly because it is a \ery simple 
figure, and partl\ because it explains tlie principle upon nliidi the 
plan of tlie roof of a building ought to be dianii; a plan ol this 
kind being often necessary iii addition to a giuiind plan. 

From the plan of the pyramid, the same inference ni:i\ be 
drawn, as from the foinier plan of die cottage. 

You see that die plan of the pyramid, now represented on the 
board, shows nothing more dian the dimensions of the base. It 
also shows the particular point of the base over which the scitex 
would stand, but it can neither explain the height of die p} ramid, 
nor the obliquity or slopes of its sides. 

Hierefore a plan alone cannot explain the nature cidier of a biiihb 
log, of a pyramid, or of any other object, without the assistance of 
fMHne other kind of geometrical drawing, such as a section or an 
dbvalioa. 

' Here the Teacher will rub out his plUn of a pyramid. 

I diaU next expiain to you the nature of sections, 







m 


A secdon is tlie plane figure which would formed by catfiog 
any solid body right in two, as was defined^ in the foregoh^ 
Course of Practical Geometry, in treating of conic sections. 

« 

Write the word section. 

A solid body may be supposed to be cut in a great number of 
\arious directions, hori/onlally, vertically, and obliquely; and 
consequently the ninnbci' of sections which may be taken of any 
o))jert aic almost infinite or beyond calculation. 

To prevent tlie eonfiibion, which would arise in Plan-drawing, 
fiom sections taken at random; ihi ireometrical drawing, called a 
section, is alwuvs supposed to be taken vertically. 

That IS to say, the object is supposed to be cut right down, 
[K'rpendieuiaii}, from top to bottom, by a vertical plane; or in 
otliei wolds, It is ‘‘Upposed to be cut eveiy where according to the 
plum-line. 

'The reason of following this rule will be obvious on a little 
reflection. 

A section IS piincipall} intended to explain the heights of objects, 
and thereb\ to make up for the deficiencies of that kind of geometri¬ 
cal diawing called a plan, which has just been explained. 

But supposing 1 wanted to measure the height of one of the sides 
of this loom; }ou must all be sensible, that if I took my meSsure- 
ntent diagonall} or obliqnelv, it would be quite wrong; and that 
there is no way in which the height of a room can be measured 
truly, unless it is done vertically or according to the plum-line. 

If you suppose, therefore, a section of this building to be 
taken, and that the said section phased through die room in which 
we now arc; it must be evident that if the section was taken in a 
sloping direction, it wc^Id also cut the side of the room obliquely* 



PLAN DRAWING. 


Soeh « flectkm would therefore give an erroneous representation of 
die hei^it of the room. 

Sections taken across an; building or other Qbject, will of course 
■erve to show the breadth as w ell as the height, of the vurioiis parts 
of it. In order that this ma; be done truly, another rule has been 
laid down no less essential than the former. 

'Fhe rule now alluded to is as follows. 

In taking the section of any regular object, sut li as a reclangubit 
buildiug, the given object is always supposerl to lie cut right 
across, not only vertically, but also in a diiection peipeiidictilar 
to two opposite sides of it. 

The same reason holds good in Uiis case, which applied to the 
former rule. 

Supposing tliat I wished to measure the breadth of this room, 
you must be aware that if 1 took m) measurement obliquely oi 
du^onally from one angle of the door, towards a contrary one; 
the result would be quite wrong; and that there is no possible 
way of measuring the breadth of the room accurately, except iu 
a direction perpendicular to die two opposite sides of it. 

But if you suppose, as before, a section of this building to be 
taken, and that the said section passed tliroiigli the room iu which 
we now are, it must be evident that unless the section was taken in 
a direction perpendicular to the opposite sides of the building, it 
would cut the floor and ceding of this room obliquely. Therefore 
such a section w'ould give an erroneous representation of the 

breadth of the room. 

* 

From diese considerations, it must now be evident, that any 
•ectioD of an object, taken in a sloping or oblique direction, would 
not be of the smallest use, because it would either misrepresent 
the heighly the breadth, of the given o)||cct, or both. 
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This being premised, wc shall now proceed to draw a section of 

the small cottage, of which we have already drawn the plan. 

* 

Let us suppose, that the proposed section is required to pass 
through the door of the building. 

Draw a dotted line pei peudicularly across the plan of your 
i ottage, passing through the door. 

This dotted line uill leprcscnt the direction in which the pro¬ 
posed section is to be taken. 


Mark those points in the plan where the dot¬ 
ted line cuts the fioiit and back walls of the 
cottage by the lettei s a, b, c, and d. 



Tlic distances betw ecu the \ arious points a, b, c, and d, which 
y>u hd\c just marked iii the plan, show the breadth of the cottage^ 
and the thickness of the walls. 

-As the same dimensions will require to be represented in the 
section, it will sa\e trouble to transfer the whole of them from the 
plan to the section, at once. 

You will ihciefore diaw a separate line to represent the level of 
the floor of ^our building, which is also to be the ground line or 
base of your section. And you will divide this line exactly in the 
same manner as the dotted line in the plan. ' 

Under the respective 
points of division, on this 
new' line, you ill mark the 
same letters a, b, c, and d : 
when this is done, tlie cor¬ 
responding or equal paits 
of both lines will be known by inspection. 

. VOL. I. Q 8 



a lb 


c d. 
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Frmn tlie points marked 
a, b, c, and d, on the ground 
of the section, iwhich 
lopresent the position and 
Sickness of the walls of the 
cottage, raise perpendiculars to show the he^ht of the^walls. 

Join the top of these perpendiculars by a dotted line, which 
w'ill be a hoiizontal line ; and which shows the le^el from w'hence 
the roof is supposed to spring. 

Tint flan of the c(^tage is still supposed to remain on the boards 
and slates, but it is left oiU in some of the fol/owinn figures. 
It will again be occasionally introduced, whenever it shall become 
necessary to point out the connection between the plan, and the 
section or elevation. 

We shall suppose the roof to be a regular 
pitch roof. You will therefore bisect the last 
drawn line, in order to find the middle of tlie 
buUding, aud from the point of bisection, you 
wdll raise a perpendicular to show the height of 
the roof. a b c d 

You will next draw oblique lines to show the 
sides of the roof. 


Draw light lines parallel to the above oblique 
Unes to show the thickness of the roof. 
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As tlie section is supposed to pass through 
tlio door of the cottage, a line mu6t be drawn 
to represent the top of the door, and to slioW 
the height of it. 



The section, which has Just been drawn, is only intended to 
give }ou a general notion of this kind of geometrical drawing. 
Maiiv paitirulars are therefore omitted which it would be proper 
to introduce in a fiiiislied section of a building. 

For instance, the depth and diickness of the foundation, the 
rabbet or lecess of the door, the thickness of the rafters and 
father parts of the roof, and the projection of the roof, if formed 
nith eaves : these and other details might easily have been repre¬ 
sented, bj adding a few more hues. 

The rough section of llie 
ottage is now complete, 
and 3 on may observe that 
those dimensions which ate 
marked with the same letteis 
agioe in both. 

Rub out the letters which weie written to mark the vaiious 
points 111 the plan and section. 



The plan and section as tbev stand at present, explain suf- 
hciently tlie gcneial dimensions of die shed, and the proportions 
of the roof and door, but they do not show the height of the 
windows, nor the gcneial appearance of the building. 


The latter particulars cannot be lepresented without the assist¬ 
ance of the third kind of geometrical drawing, before mentioned, 
called an elevation. 

Write the word elevation. 
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An ^evation is the view of any upright side of a building or 
othm’ olgect, nearly such as it would appear to a peiaon staodiiig 
exactly in front of it. 

In order more clearly to understand this definition, we shall 
proceed to draw an elevation of the front of our shed. 

As the principal dimensions of the front of 
the cottage appear in the plan, I shall mark the 
various points by the numeral figures 1, % 3, 

4, 5, and 6. l G 3 4 5 6 

Tbe points thus marked show the length of the front of the 
cottage, and the breadth and position of the door and window. 

As the whole of these dimensions must appear lu the elevation 
of the cottage, the easiest method will be, to transfer them from 
tbe plan to the elevation at once. 



YouwiU therefoie draw a separate line, to represent die grouiul 
line or level upon which the front of the cottage stands; and upon 
' this line you will set off a distance equal to the length of the 
cottage, and divide it in the same manner as tlie front of the 
cottage is divided in the plan. 


You will also mark | . .'. . 

the various points of 

division upon this new 1—, ,—r—i—' 

- 1 I 1 I _ I ■ I ‘ ‘ ■ ■ 

line, with the numeral 123 456 1 23456 

figures 1, 2, S, 4, 5, and 6. When this is done, the correspond¬ 
ing or equal parts in the plan and in the ground line of the 
elevation may be known by inspection. 

From the points 1 and 6 of the ground line which represent the 
exbemities of the front of the cottage, perpendiculars must next 
be drawn to show the heig^ht of tbe walls* 

You will tew two perpendiculars accordingly; and as the 
height of the walls b already represented in your section, you 
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Mrill measure the pro> 
per lei^th of tbese 
perpendiculars Irom 
thence. 


1-_D r-“Tn-‘ t 

1 2 3 4 5 e 


' 

_ I _1_1_t_ 


1 2 3 4 5 ( 



Join the top of 
these perpendiculars 
by a right line, which 
will represent the 
bottom of the roof c 


f I— r i" I 
1 2 3 4 5 6 

the cottage. 



1 2 3 4 5 6 


From the points 2 and 3 of the ground line of your elevation, 
which represent the breadth of the door, you will raise perpendicu¬ 
lars, to show the height of tlie door. 

You will find the proper length of these perpendiculars by mea¬ 
suring the height of the door in the section; and you will traosfer 
it to the elevation accordingly. 


Complete the form 
of the door by joining 
tJie top of the above 
perpendiculars. 



1 2 3 4 5 6 



1 


2 3 4 5 


6 


From the points 4 and o, in the ele%'ation, which mark the 
position of the window, raise perpendiculars to hud the sides of 
the window. 


You will next complete die window by drawing the top and 
bottom of it, at any height you think proper, these particulars not 
being represented in the section. 


Dot that part of i~ ~~~ ~ 

each of the last 
drawn perpendieu- 1 ^ ^ ^ ^ 

art, which hJls be- 1 ^3~S 4 5 <> 

low the bottom of your windows. 

B 2 ' 


» 




— 



t s 

1 s 

4 

n 

'* 6 
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TTie ftmn of the roof only is now wanting. The lengdi of the 
roof myast of course be equal to the length of fSie building, aud 
the height of it may be found by referring to die section. 

It is a rule in geometrical elevations never to represent the 
hmgbt of any slopit^ object by oblique measurements taken along 
die slope; but by dropping a perpendicular from the highest point 
or vertex of the slope, to the level of the lowest point or base 
of it. 

In short, the height of any sloping object in a geometrical 
elevation is measured by that perpendicular line, which would be 
called the altitude of any similar tigure or solid, in Practical 
Geometry. 

In transferring die height of the roof from your section to your 
elevation, you must therefore make it equal to tiic dotted {lei |>cii- 
dicular, which appears in the section. 

Draw your roofs accordingly. 

When this is douty the ^figures upon the hoardy n'hich relate to 
the cottagey will be as follows. 




The plan, section, and elevation of a small cottage are now 
complete, and from these three geometrical drawings put together, 
every dimension necessary for explaining the proportions of the 
building may be known. 

Hie length of the building is shown in the plan and elevation; 
and is the same in both. 

The breadth of the building and the thickness of the walls are 
shown in the plan and section; and are (he same in both. 
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The breadth of the dow and that of the window are shown 
ill die plan and elevation, and are the same in both. 

The height of the door is shown in the section and elevatioo, 
and is the same in both. 

The height of the window is shown in the elevation only, but if 
the section had been taken through the window, instead of the 
door, then the height of the window W'ould have been shown 
in the section also. 

The height of the walls, and die perpendicular height of the 
roof arc shown in the section and elevation, and are equal in 
both. 

But the particular form of the roof is clearly expimned in the 
wction only. 

I shall now make some further remaiks relative to geometrical 
elevations. 

In drawing the geomebical elevation of any object, a vertical 
plane is always supposed to be used as a plane of projection. 

Some points of the given object may coincide or agree with the 
plane of projection. 

Those points of the given object, which fall widiout the plane 
of projecction, must be transferred to it, b> dirowing out perpen¬ 
diculars or rays, from the said points to the plane of projection. 

All the rays in a geometrical elevation, being perpendicular to 
a vertical plane, must necessarily be horizontal or level lines. 

The walls or sides of a building are vertical planes, being built 
according to die plum-line; and therefore, in taking geometrical 
elevations, the front of a building, or any otha* Bide of it which is 
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to tie ivpreteiited, msy be ttoppoied to agree witii tbe plaoe of 
prc^ectum. 

OMuequentl> the leogMi and height of the side of tlie building, 
and the height and breadth of the doors and windows, &c. may 
be laid dowu in a geometrical elevation, according to their actual 
dimensions from measurement, vidthont any alteration or djyii- 
nution. 

The roof from its sloping figure is the only part of the exterior 
side of a building, which cannot agree with the plane of pro¬ 
jection ; and therefore, in drawing die elevation of the cottage, I 
made you diminish the obKque length of the slope of the roof, in 
order to find the true height of it, according to the same principle 
by which oblique lines are diminished in a plan, in order to find the 
base of any slope. 

It is not necessary in a geometrical elevation, that the plane of 
projection should be supposed exactly to agree with the iiprighf 
side of any building or object, which is to be represented. 

But when they do not agnee, it is necessary that the plane 
of projection eliould be parallel to the upright side of the building 
or object, of which an elevation is to be drawn. 

In that case the perpendiculars or rays, thrown out from the 
<dgect to the plane of projection, will form a figure exactly in 
the tame proportion,' as if the side of die object and the plane of 
projection bad actually emneided with each other. 


This may be understood by referring once 
moae to die plan. 

12 3 4 5 6 

In the way, m n^di we actually threw our elevation, the plane of 
projecdoo waa siqipesed to coincide or agree widi the front of die 


_] rzni 
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btiildiiig, Md the vuioiis points i, 8, 3, 4,5, and 6, vrluch repi^ 
sented the length of die said front, and die breadth and posidon of 
the door and window, were therefore transferred from the plan to 
the deration, at once, according to measurement. 

Now 1 shall suppose the plane of projecdon to be at some dis¬ 
tance Ikini the front of the building, but parallel to i^ accoidii^ 
to the rule above stated. 

The sides of the building which are vertical planes being repre¬ 
sented in a plan by right lines, any odier ve.''tical plane, whether 
parallel to the front of the building or not, must also be repre¬ 
sented in the plan, in the same m anne r. 

You will therefore draw a right line in 
the plan, parallel to the front of the build¬ 
ing, to represent a plane of projection, at 
some distance from the building, but paral¬ 
lel to the said front. 

From the various points 1, 2, S, 4, 5, 
and 6, of the front of the building, you 
will drop dotted perpendiculars to the 
line which represents the new plane of 
projection; and you will also mark the 
points where each of these perpendiculars 
meets the plane, by corresponding num¬ 
bers 1, 2, 3, 4, 5, and 6. 

These dotted perpendiculars represent rays thrown out from the 
given object; and the poiuts, where they meet the plane of pro¬ 
jection, are true points for laying down the various dimensionsi in 
the elevadoii. 

But in consequence of the plane of projection and front of the 
building being parallel, the above dotted lines or rays which are 
parallel to each other, will be perpendicular not only to the line 
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vhich represents the plane of projection, but also to the front of 
the buiidSi^. 

The distance between parallel lines is always the same if mea-! 
wired perpendicularly, therefore the distance between die points ] 
and 2 on the front of the building, will be equal to the distance 
between the corresponding points 1 and 2, on the plane of p'‘o« 
jcctioii: 

The distance between the points 2 and 3 on the front of the 
biulding will be equal to the distance between the corresponding 
points 2 and 3 on the plane of projection : 

And in like manner, die distance between any t\\o points what¬ 
ever, on the front of tlie building, will be equal to the distance 
between two conesponding points, on the plane of projection. 

This proves, what 1 before stated, diat the perpendiculars or 
rays, dirown out from the upright side of an object to any parallel 
plane of projection, will form a figure exactly in the same propoi- 
tion, as if the side of die object and die plane ot piojectiun had 
actually coincided or agreed with each other. 

Consequently, if you suppose a plane of projection to be chosen, 
paiaUel to the upnght side of a building, or other objc'ct, of which 
.an elevation is required ; dien the dinieiisioiis of the various parts 
of the upiight side of die given object may be laid down in die 
drawing, in iheir true proportions, according to measurement, 
without any diminution or alteration. 

From the figures which you have drawn, and the instructions 
which you have already received upon the subject of Plan-drawing, 
you must now be aware, that plans and elevations are drawn 
exactly according to the same principle; only, that in a plan, the 
jihne of projection is horizontal; whereas, in an elevation, the 
plane of pri»jection is always vertical. 

AH horizontal planes, which may be used as planes of pro- 
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jection for drawing the plan of a buildings &.c, must be paraUel to 
each otlier; but vertical planes may be perpendicular or oblique 
to each other, as well as parallel. 

For instance, the several floors of any building being all level, 
and of the same height one above another at every point, are 
horizontal planes parallel to each other. But of the walls of a 
building, which are all vertical planes, some two of them may be 
perpendicular to each other, such as the side and end walls; 
whilst others ma> be oblique to each otlier, as you may often have 
observed in irregular buildings. 

If in drawing the eI(*vation of any rectangular building, the plane 
of projection were chosen oblique to one of the sides, instead of 
parallel to it; then the length of that side of the building, and the 
breadth of the doors and windows, &c. would be diminished in 
the diaw'ing, in such a manner, as to give a false notion of the 
object. 

In an oblique elevation of this kind, ra^s thrown out from one 
of the ends of the building w'ould also strike the plane of pro¬ 
jection, and the various dimensions of this end of the building 
w oiild be diminished or misrepresented in the drawing, for tlie same 
reason. 

Every dimension, excepting only the perpendicular heights, 
being niisie]nesentod in an oblique elevation of the side of a 
building, or of an} other iqiright object; such elevations can be of 
littlii use, and are thereioi e seldom or never taken. 

Blit although oblique elevations of the front of a building, &c. 
are seldom or never taken, it often happens that the front of a fine 
building is urnainciited with columns, mouldings, and other arclii- 
tecturai decorations, various parts of which nic oblique to the 
general plane of the front of the building, beyond which they 
project. 
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prapiT modb of representing such oroameats in geometrical 
ek 0 «£lion% caanot therefore be well understood, unless the princi¬ 
ple, according to which oblique elevations of any upright object 
may be drawn, is clearly explained. 

Has brii^ premised, 1 Aall proceed to give you an example of 
Ae method of dravimtg an oblique elevation of the cottage, of 

a ^ 

tbhkh you have already drawn the plan, and secrion, and a direct 
or proper geometrical elevation. 

Rub out that line which was added to your 
plan to represent a parallel plane of projfH:tion: 
rub out also the dotted perpendiculars which 
represent the rays; and the plan will be restored 
to its former state. 

A right line must next be drawn, in order to represent the new 
plane of prelection which is necessary for taking the oblique 
elevation. 

Tliis new plane of projection may either be supposed to coin¬ 
ed widi the front of the building in some point, or not. 

We shall suppose it to coincide or ^ree with that extremity of 
die front of die btulding, which is marked by the numeral 
figure 6. 

You will therefore draw a right line 
dnough the point 6, formii^ an acute 
angle with the front of the building, in 
order to represent the new plane of pro¬ 
jection. 

f'rom the various points of the front 
of^the building drop perpendicularB to 
die last drawn line, and dot them. 
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These perpendiculars tinll reprcMiit imjl> thro(wn‘<Mt 
points 1, 3, See. of the f^ven object to tiiopiaiie of proje^fki^ 

in order to find the true place of these points in the oblicpie ei^ 
vation. 

You will therefore mark, in like man* 
ner, the various corresponding points 
on that line which represents the plane 
of projection, by the same numeral ^ 
figures 1, Q, S, &c. 



That end of the cottage, which is 
nearest to die plane of projection, must 
also be represented. One extremity of 
it already coincides with the said plane. 
From the other extremity of it, you will 
draw a dotted perpendicular or ray to the 



plane of projection, and you will mark the corresponding points 


at the ends of this ray by the numeral figure 7. 


The distance between the points 1 and 6, in the plan, shows the 
length of the fi-ont of the cottage. 


The distance between the corresponding points 1 atldf 6, on the 
plane of projection, will therefore also represent the length which 
ought to be given to tlie front of tlie cottage, in the oblique ele* 
vation. 


The distance between tlie points 6 aud 7, in the plan, r^reaents 
one end of the cottage. 

The distance between the corresponding points 6 and 7, on the 
plane of projection, will therefore abo represent the lengdi which 
ought to be given to that end of the cottage, in the oblique ele¬ 
vation. 


And, in like manner, as the biuaddi of the door md sriudow are 
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distance between certain points, in the plan; so 
rnuft the i^pme dimensions, m the oblique elevation, be represented 
tbe dfaltaiice between conespondii^ points, on the plane of 
pnjection. 


% 3 




You will thore- 
fere draw a line 
for the grcmnd 
line of jour o- 
blique elevation; 
which jou will 
divide in the same manner, and mark with the same numcial 
figures, as that line which represents the plane of projection. 


"Z i 4 5 G 


From the points I, 6, and 7, on the 
ground line of jour elevation, you will 
raise perpendiculars equal to the height 
of the walls of jour cottage. The 13 3 4 5 6 7 
length of these perpendiculars will be determined bj referring to 
the section, or to the former elevation. 


You will join the top of two of 
tiiese perpendiculars bj a right line, 
in order to diow the bottom of the 

roof of the front of the cottage. 1 2 3 4 5 6 7 


Bjr means of the points Q and S, 
whidi determine the position and 
wi dt h of the door, jou wiN draw the 
door, making it of the height shown 
in die section, or in the former eleva- 
tkKt, 


i-- I I I . I_L 

1 3 3 4 5 6 7 


From the points 4 and 5, which show the width of the window, 
JOU will raise perpendiculars, in order to find the position of the 
sides of the window. 
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For die height of the window, and its pnrticular height above the 
ground line, you will refer to the former elevation; and yoirwiH 
complete the form of the window accordingly. 

Dot such part of each of the per¬ 
pendiculars, raised from the points 4 
and Of as falls below tlie bottom of 
the window. 

The roof only remains to be drawn. Before this can be done, 
it will be necessary to find the points where the extremities of the 
ridge of it ought to be laid dou n in the plane of projection. , 



^ ! 

n 




' 



i 

_1 

j 

i 

lJ 





1 2 3 4 5 6 7 ’ • 


The ground plan of die cottage does not show the ridge of the 
roof; but it must lie evident that the ridge of a regular simple 
pitch roof, if the plan of it were draw'n, would fall exactly over 
the middle of Uie building. 


In order to save the trouble of drawing a separate plan of the 
roof of the roltage, I shall tlierefore add a dotted line to my 
ground plan, to represent that part over which the ridge of the 
roof would fall; and I shall mark the two extremities of this 
dotted line by the letters R and R, in order to sliow the extreme 
points of the said ridge. 


You will follow my example by' 
drawing a dotted line in your plans, 
and marking the extremities of it in the 
same manner; in doing wdiich you 
must take care to make it fall e.xactly 
over the middle of your building. 



From the points marked R and Jivhich represent the extremi- 
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liif qI Ae gidfe of the topf, yon urill 4nm rtys, or perpendiculars 

Id Ihe plw of projedioii, and dot them. 

% 


, Mark the points where these rays meet 
Ae plane of (pojectioD, by the same let¬ 
ters R and R, in order to show that tiiey 
correspond with the extremities of the 
roof, aa laid down in the plan. 








Hm p<mts R and R, marked on the line mIucIi represents the 
plane pit^ction, must next be transferred to tlie ground line of 
die oUiqiie eleradon; upon 'which you will also mark the now 
pomts, thus found, by the corresponding letters R and R. 


From the new 
points R and R, 
on die ground line 
of your elevation, 
you will next raise 
dotted perpendicu- 
laiv, in oader to 



find the proper position of tlie extremities of the ridge of the 
rggof. 


* /■ t • 

lif. 

The ridge or top of the roof must 
next be drawn, parallei to the ground 
fina^ and extendii^ between the two 
last raised dotted perpendiculars. Its 
perpendicular height must be found 
by refmring to the section, or to the 
former elevation.' 



Braw oblique lines fioiP^||^ extremities of the ridge of the 
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roof, to the proper pointi, in order to coo^lete the form of fte 
roof, ki the elevmtioii* 



The oblique elevation of the cottage is now finiahed. The 
heights of the various parts of it agree with the heights given in die 
section and in the formei elevation of the front of the cottage; but 
all the odier dimensions arc diminished from their true proportions, 
ill which tlit‘> appeal in the plan and in the former elevation. 

If the oblique plane of projection, by means of which the last 
elevation was drawn, had formed a more obtuse angle with the 
front of the building; then the various dimensious, in that part of 
the oblique elevation, uhich lepresents the front of the cottage, 
must liave been still more diminished than they are at present. 

In the proper or diicct elevation of the front of die cottage if wm 
not necessary to take any notice of the points R and R, which 
represent the extremities of the ridge of the ^oof; because Ihe 
plane of projection was then supposed to cokacide or agree witii 
the front of the building, and from the simple nature of die roo^ 
die points R and R in the plan stand exactly over die two ends of 
the collage. 

Tlierefore as the ends are perpendicular to die front of the 
building, it must be evident, that if rays or perpendiculars had been 
drawn from the points R and R in die plau, they must have 
exactly coincided with tbd points ymd marked at the extiemitiee 
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of the hnoot of the building, which in the iirst elevation w'e drew 
was supposed to represent the plane of projection; and if the 
plane of prcjection had been supposed to be parallel to the front 
of the building, the same coincidence or agreement between the 
points R, R, and 1, 6, would still have taken place, for the reasons 
which 1 before stated to you, in treating of direct or proper geo¬ 
metrical elevations.* 

In transferring tlie various heights from tlie section to your two 
elevations, you measured each dimension separately and iiidi\idiiall\ 
one after anotlier; but it is also usual to transfer the \iirious heights 
from a section to an elevation all at once, in the tnaiuier in whu h 
you transferred your dimensions from the plan to the elevation. 

I shall give you an example of tlie pioper nw'thod of doing 
this, which you will find \ery simple. 

The front of the cottage, which is a vertical plant*, being repre¬ 
sented ill the section by a perpendiciilat light iiiu', uii} otliei \citi- 
cal plane parallel to it must also be represented', in a section, 
in the same niaiincr. 

You will therefore, at an} convenient 
distance, raise a perpendicular parallel 
to that line in the section which repre¬ 
sents the front of the cottage. 


The perpendicular Just drawn, being a vertical plane parallel to 
the front of tlie cottage, may represent a plane of projection sup¬ 
posed to be used for finding the proper proportions of the xaiious 
parts of the building, in drawing a geometrical elevation of it. 


* It will easily be understood, tliat if the roof were not of the simple form, 
represented in the figures; that is to say, if it were supposed to have more 
than two sloping sides, then ni}’s projected from the points R, K, would not 
agree with the points 1 and 6, even in a proper or direct geometncal 
elevation. 




ELEVAHOi^S. 

You will mark all those points of the 
front of the building, shown in the sec¬ 
tion, w hich would appear in a geonietii- 
cal elevation of it, by Uie letters a, d, 
r, and R. 

I) 

Trom the several points, thus marked, rays must be thrown out, 
or ill other words, perpendiculars must be diawn to the line which 
icpifscuts the plane of projection. 

You M-il) dot all of these perpendiculars excepting that which 
agrees villi ihe ground line or base of the section. 



You will. 111 like manner, mark the 
points, where these rays meet the plane 
of projection, by corresponding letters 
a, d, r, and R. 

a a 

The distance between the two points marked a and d in die 
-Section represents the height of the door of the cottage. 

s 

I'he distance between the two corresponding points a and d, on 
the plane of projection, will therefoie also represent the height 
which ought to be given to the door, in a geometrical elevation. 

The distance between the two points marked a and r, on the 
section, represents the height of the front wall of tlie cottage. 

The distance between tlie t\^o corresponding points a and r, on 
the plane of projection, wdll therefore also represent .the height, 
w hich ought to be given to tlie front wall of the cottage; in a geo- 
mctridal elevation. 


H IL 
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These dimensions are all equal to each other, because the plane 
of •projection and the front wall of the cottage are parallel. 

The distance between the points marked r and R, in the section, 
shows the slope of the front of the roof of the cottage. 

The distance between the corresponding points r and R, on tlic 
plane of projection, will therefore represent the height, which 
ought to be gUen to the roof in a geometiical elevation. 

The last mentioned distance is equal to the dotted perpendicular, 
which yon before drew to show the proper height of tlie roof; and 
it is therefore less than tho oblique length of the slope of the roof, 
being diminished according to the rules of piojection. 


All the points necessary for transferring the several iieights of 
the front of the building fioni a section, to an elevation, aic now 
marked on the plane of projection. 

I will neat show you in what manner Uiis may be done. 

From the ground line of your elevation produced, raise a perpen¬ 
dicular equal in lengtli to tlie line which represents the plane of 
projection attached to your section, and let this new pcipendiculur 
be divided into the same number of parts, and in the same propoi- 
tion as the former. 

Mark it also by the same letters a, d, r, and R. 


Ibe last drawn line will serve as a scale by which the various 
heights might have been transferred from the section to the 
elevation. We shall call it the scale of heights. 



Hub out the whole of your elevation excepting the ground line 
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of it, and the vaiions points 1, 2, 3 , 4 , 5 , and 6, which were 
marked upon the said ground line, in order to agree with the 
dimensions of the front of the building, represented in tlie plan. 
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^"oii must now draw your elevation again, by means of the 
^aiidus points inaiked on the scale of heights, and on the ground 
line. 

I'lom the points 1 and G on die ground line of your proposed 
t'Io\ation, which represent the cxticmities of the front of the cot¬ 
tage, laise perpendiculars to show the height of the walls. 



a a 12J4jG 


The point marked R on the scale for jour cle\ation, shows the 
iieight of the top of the roof, and die point marked r on the same 
scale shows the height of the bottom of the roof. Or of the top of 
the front wall of jour shed, which is die same diing. 

From die points R and r on the scale of iieiglits, jou will 
therefore draw lines parallel to each other and to the ground line, 
intersecting the two perpendiculars, which were raised from the 
points 1 and G. These u'ill of course be horizontal Ihies. 
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The two lest draun lines will represent the level of the top and’ 
bottom of the roof of die buildmg; but the roof cannot extend 
furdier than between the two perpendiculars, which are raised from 
the points 1 and 6, which represent the extremities of the front of 
the building. 

You M ill therefore dot die superfluous parts of die horizontal 
lines which are drawn from the points R and r; that is to say, 
such part of each of them as is not included betucen the abu\e 
perpendiculars. 



a a 


Thus by raising perpendicular or \ertical lines from die points 
1 and 6 on the ground line of the elevation, which* coiTcspoiid 
with the extremities of the building; and by drawing parallel oi 
horizontal lines to intersect the former, from die points R and r 
on the scale of heights, which show die le\el of the top and 
bottom of the roof, you have found the general form of the front 
of the building. 

Prom the points 2 and 3 on the ground line of your elevation, 
which represent the width of die door, raise perpendiculars for die 
udes of the door. 

From the point d on the scale of hemidyjyhich shows the height 
of the top of the door, draw a horizontal line intersecting the 
above perpendiculars. 


Ri 
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The last drawn line will show the level of the top of the door, 
but that part of it only which fiills within two perpendiculars^ 
represents the actual form of the top of the door. You will 
therefore dot the remaining or superfluous parts of the last drawn 
horizontal line. 



The height of the window is not shown in the section, and 
theiefoie could not be transferred from thence to the scale of 
heights; but as it is represented in your oblique elevation, you 
may measure it accordingly. 

Take in your compasses the height of the top of the window 
from the ground line of the cottage, as represented in your oblique 
elevation, and mark a point at the same height above the ground 
line, upon the scale of heights attached to your unfinished 
elevation. 


Let this point be marked by the letter w. 

Take in like manner in your compasses the height of tlie bottom 
of the window, as represented in the oblique elevation, and set if 
off upon the scale of heights attached to your unfinished elevation. 

>Iark also this new point by the letter w. 



fA 


1 





B 

■SB 

i 


■III 

■ 

■ 



II 


1 

I 


1 

1 

iHI 

lR23 4 5 6R7 

K 

1 

1 

S 4 5 6 


The top and bottom of the window in the oblique elevation shall 
also be marked by tlie letters w Jjgd w to show the maiuier in 
which they agree with the forzner^HPt** 
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From the points 4 and 5 on the ground line of your elevation, 
jou wiU nuae perpendiculars to And the position of the sides of 
the windoM', and from the points w and w on the scale of heights, 
you will dniu horizontal lines, intersecting the former, in order to 
find the position of the top and bottom of the window. 

M'hen by this means you have drawn the window, you will dot 
the superfiuous parts of the above perpendicular and horizontal 
lines, which as&isted you in finding the position of it. 



a 1 2 3 4 6 o 


'I'hus by intersecting lines drawn perpendicular or [lurallel tt^ 
the ground line of your elevation, from certain points, you ha\o 
roinpletcd a new direct or proper geometrical elevation equal and 
similar to that which you before drew. 

In tliis example, as well as in the former, the various points, 
necessary for drawing the proper elevation of the front of the 
cottage, were found by supposing a vertical plane of projection to 
be used, either coinciding with die front of the building, or parallel 
to it. 

After finishing any elevatiou, or odier geometrical draw ing, the 
superfluous or dotted imaginary lines representing planes of pro- 
jeetiem, rays, scales of heights, &c. as also the numeral figures, 
letters, &c. attached to them, would be rubbed out, excepting 
those imaginary ^fines only, marked in a plsn, which show the 
direction.accoifling to which the sections or oblique elevations, 
aecompai^ag the plan, may have been taken. 

, I sbal) acpmrdiiigjiy mb lines, letters, &c. in the 

IsEUius which I have drawp tUBfiie board, felative to the cottage. 
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leaving only such superfluous or imaginary lines, &c. as are neces- 
saiy for explaining the connection between the plan and section, 
and between the plan and oblique elevation. 

In doing this, I shall dot the line which represents the oblique 
plane of projection in the plan, because in finished drawings all 
imaginary lines are dotted. 



Elevation of the Front, Oblique Elevation on the line 1 7. 

You will alter your respecti\c figures in tlie same manner. 

The plan, section, and elevations, which you have now com¬ 
pleted, are sufficient to give you a thorough insight into the 
principles of Plan-drawing. 

ft 

As an example, I have chosen a building of the most simple 
nature, in order to lay down the rules of the art in as clear a man¬ 
ner as possible. But the same rules will apply in all other cases; 
so that if you understand what you have already done, you will find 
no difficulty in comprehending geometrical drawings of the most 
extensive and complicated buildin|g^ other objects. 
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All plans, sections, and elevationsi arc drawn by laying down a 
certain number of points and lines truly on some plane surface, 
according to gc Dmetrical principles. In drawing some objects, it 
maybe necessary to lay down a great number of points and lines, 
in otheis onl} a few-: Inil whether the number be great or small, 
in all cases, ouch individual point or line must be ch'awii according 
to some one or other of the foregoing ndes. 

Many persons have considerable practice in Plan-chawing, and 
are able to understand simple plans, sections, and diicct ehsatioii**, 
without having betii regularlv ln^tructcd in tlie piiiiciplcs of the 
art which have now been explained to >ou. 

If you find any difficulty in undeistanding such of the above 
rules, as relate to the planes of projectK»n, which are supposed to 
be used for laving down oblique, or sloping lines properly, in plans 
and elevations, do not allow yourselves to be discouraged on that 
account. 

The nature of sections, and all the simpler kind of plans, 
which are most generally useful in the Royal Engineer department, 
may be understood without a thorough knowledge of all the rules 
of projection; and after some practice in drawing or in working 
from plans and sections, if you retiini to the study of these rules, 
and reflect upon them with duo attention, they will appear stil- 
iiciently simple and easy. 

This remark is intended for your encouragement, and guidance, 
in order that you may not be deterred from attempting to learn the 
practice of Plan-drawing, in consequence of any difficulty vvhicii 
you may at present meet with in regard to the rules, or priiiciple<>, 
of the art. 

But although die principles of Plan-drawing may certainly be 
learned^ greater advantage, aftei some experience in the ptactical 
part, m would not have bean proper in a regular Course of 
Instruction, to introduce the p||||rtice flrst. 1 have therefore com- 
memred by explaining the pi^iples. 
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Elevations of any building or other object very much resemble 
the outward appearance of the object represented by them, when 
viewed by an} person standing near it; and therefore geometrical 
drawings of this description convey an Idea of the nature of the 
object represented, even to persons who may be totally ignorant 
of the principles of Plan-drawing. 

* Sections do not convey any just notiQn of the object represented 
to ignorant persons, because the section of any object (a buildiiig 
for inslancr) supposes it to be cut in two, so diat the figure or 
appearance of the object, thus formed, does not resemble any 
natural or common view of it. 

In like manner, plans, which, as w'as before stated, resemble the 
appearance of any object viewed from a height immediately above 
it, do not ron\cy a very just notion of the object to persons igno¬ 
rant of the principles of Plan-drawing; because opportunities of 
looking perpendicularly or directly down upon objects, or in other 
words of taking a bird’s-cje view of them, are not common. 

Cioiind plans, or foundation plans of buildings, or other works, 
do not give any just notion of the appearance of the object repre- 
^cntelI: because when a building is finished, it is impossible, 
from any point of vii'w whatever, to see the various walls and 
foiiiidatiuiis iir the manner in which they must be represented in a 
gioitiid plan, the whole of these parts being hidden by thereof. 
Jn fact, the ground plcn of any hiiished building, is, properly 
speaking, a section through the various walls, the only difference 
betw'ceii it and a common section consisting in this; that the com¬ 
mon section is taken vertically, whereas the actual section of a 
building, which is exhibited in any ground plan of it, is taken hoii- 
/onta!I>. 

I have already stated that plans, and sections of a v >y simple 
nature, air of most general use in the Royal Engineer department. 
In works of foitiiication, gcomllrical elevations of any kind are 
seldom necessary; but they arg^ highly useful in architecture, 
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because the |{enera) appearance of a building cannot be understood 
ttor many useful dimensions urell explained, widiout them. 

luxations, as I before observed, are the only kind of geometri- 
^ drawii^s which can convey any just notion of the outwarr 
jippearance of a building or other object, to persons who are igno 
rant of the |mnci|des of PlaiMhawing: but although geometrica! 
elevations very much resemble the outward appearance of anj 
diing, diey are dot an exact and faithful representation of objecU 
as diey appear to the eye of a spectator. • 

For instance, a person can only \iew an object from one point: 
therefore any part of a large buildup, such as a window', whirl 
happens to be near his eye, will appear much largei than aiiothei 
window of the same size at some more distant part of the building 
This is a remaik which every one must have made. But in a geo¬ 
metrical elevation, 8lc. all those parts of the same object, whicli 
are equal to each other in reality, are also made equal to cacl 
other in the drawing. 

Drawings which represent objects in the same proportions, in 
which they would app4^ to the eye, when viewed from any gi\eii 
point or dbtance, w called perspective drawings: 

And a knowledge of the methods according to which the various 
proportions of objects should be laid down in a drawing of tlih 
kind, is called the Art of Perspective. 

The Art of Perspective, like that of Plan-draw'ing, can neithei 
be understood nor put in practice without understanding the princi* 
^les of Geometry. 

Perspective* w principally usel^and necessaiy to painters, 'Who 
proportion the various dimensinb of their figures in pictures; 
]view8> and landscapes, accord^ to tlie rules of this art. 
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n 

Perspective views give a much notipa of the outwant 

appearance of objects than geometrical drawtnga; but th^ are 
not of so much use in the practical branches of mechanics^ because 
all the parts in a perspective drawing being made longer or shorter, 
than their real proportions, according to their supposed distance 
from the e>e of a spectator; it becomes impossible to asceitaani 
the true dimensions of any object, which is represented in a drawic^ 

of this kind, by means of a scale or by measurement. 

* 

In plans, sections and elevations of any object, when die 
\arious points and lines have been laid down according to the rules 
of projection, it is usual aftenvards to colour or shade the figure 
in ordei to make a finished drawing of it. 

The ait of Plan-drawing tlierefore comprehends two distinct 
operations : first the projection of the lines which form the repre¬ 
sentation of any object; and secondly the colouring or shaefing 
of it. 


The Teacher should have some coloured or slmded plans, sec¬ 
tions, and elevations, which he ought to exhibit, in order to illus¬ 
trate the following remarks. 

In coloui ed plans and sections masonry is generally made red; 
wood so as to resemble its ow^n natural cblour; earth of a sandy 
coloui j iron of a dark blue; and water of a lightish blue. 

In plans of buildings, not coloured, masoniy is generally made 
daik, whilst wood and other substances are shaded lighter. 

Ill sections, not coloured, different substances are shaded darker 
orlightei, according to the fancy of the draftsman. 


lu plans of buildings, the doors and windows are left blank, 
whilst the walls are either colou *4 or shaded. And in sections, 
a marked distinction of shade or col^j^ur is also made between the 
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^lid part of walls, and die doors, windows, or other apertures, 
jtihich may be represented. 

In elevations of any object, whether coloured or not, tlic 
twtous parts arc shaded in such a manner as to resemble tlic out¬ 
ward appearance of the object, as much as possible. 

I 

In plans and ele%'ations, all oblicjuc or sloping planes arc gcnc- 
lally shaded stronger at one side of the slope than at the otliur; but 
Che difference of shade must be gradual, that is to say, the dark 
part must be softened off by degrees. 

All curved suporhetes, whether they are of a regular foiin, such 
as the surface of a globe, cylinder, &c. or not, are also siiadi d oil 
gradually, but in different methods according to die fi»rm of the 
object which is to be represented. 

Sometimes, in addition to the common colours and shadt s, 
above alluded to, stronger shades are introduced in plans and ele¬ 
vations, in order to represent the shadows, which would be tlirown 
out from all the high or projecting parts of the given object, if 

the sun were shining upon it, in a certain direction. 

• 

The shades introduced into a plan or elevation to icpieseiit 
shadows, are not* always softened off like tlie others, hut aie in 
general ni^de equally Utipng throughout. 

When shadows are introduced in geometrical drawings, tlie light 
is always supposed to shine fiom the left extremity of the top of 
the drawing dow’nwards, but in a diagonal direction, coiisequenll) 
chose sides of any object represented which face towards the top 
or left of the drawing are made light, whilst tliosc that face towards 
the right side orliottom of the drawing are shaded daik. 

1 have made tliese observations, merely for your information, in 
order to prepare you for the colours and shades which you are 
likely to meet with, in hnished plans, sections, and elevations; 
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but it t!> not niy intention to enlarge any further upon tliis branch 
of the ait of Plan-drawing. 

A kno\\ ledge of the principles of projection, or in other words 
tlie art of di awing the outline or figure of any object properly, is 
b} fdi the most important part of Plan-di awing. If you understand 
this iniith, }ou know almost all that is necessai> for every practical 
puipose. 

Colours and shades do not by aii} means form so essential a 
btauch of tlie ait of Plan-diaiding. They serve paitly by way ot 
emhellishmeiit or ornament; and paitly to lender a plan, section, 
01 cle\ation, clearer; nhicii is then piiucipal use. Indeed, so 
conipkttl) bubseivient and iiifeiior is the art of shading or colour* 
mg to tliat of piojcction . that the most beautifully finished plan, 
Hftioii, or titvatioii, ould not be of the smallest \alue, if the 
outline 01 liguie c\as Miong. 

Shades 01 colours aic moic paiticulaily useful in the map of a 
counjiiy, than in any otliei kind of gtoinctiicul dialing. There 
the\ aic iicccssaix in oidci to distinguish pioptrly woods, water, 
niaislics, lulls, mountains, k(. 

A ptison ( aimot attain any pioficieiu) in tlie ait <^f shading anci 
colouiiiig without the assistance of a mastei, 01 unless he praC* 
tiscs a coiisidciable time in copying boin propei books and draw* 
mgs. But aftci a little observation ot geuinctiical diawiugs, you 
will easily be able to uiideistuiid the ineanmg of the \atious shades 
and coloui'*, which you may find 111 them, without any partkulai 
nistinctioiis on the 'subject. 
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